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LITHOGRAPHIC APPARATUS, REMOVABLLE
MEMBER AND DEVICE MANUFACTURING

METHOD

This application claims priority and benefit under 35
U.S.C. §119(e) to U.S. Provisional Patent Application No.
61/261,899, entitled “Lithographic Apparatus, Removable
Member and Device Manutacturing Method”, filed on Nov.
177, 2009 and to U.S. Provisional Patent Application No.
61/360,850, entitled “Lithographic Apparatus, Removable
Member and Device Manufacturing Method”, filed on Jul. 1,
2010. The content of each of the foregoing applications 1s
incorporated herein 1n 1ts entirety by reference.

FIELD

The present invention relates to a lithographic apparatus, a
removable member, and a method for applying a removable
member to a lithographic apparatus.

BACKGROUND

A Iithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which 1s alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g. compris-
ing part of, one, or several dies) on a substrate (e.g. a silicon
waler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
ol adjacent target portions that are successively patterned.
Known lithographic apparatus include a stepper and a scan-
ner. In a stepper each target portion 1s irradiated by exposing
an enfire pattern onto the target portion at one time. In a
scanner each target portion 1s irradiated by scanning the pat-
tern through a radiation beam 1n a given direction (the “scan-
ning’-direction) while synchronously scanning the substrate
parallel or anti-parallel to this direction. It 1s also possible to
transier the pattern from the patterning device to the substrate
by imprinting the pattern onto the substrate.

It has been proposed to immerse the substrate 1n the litho-
graphic projection apparatus 1 a liquid having a relatively
high refractive index, e.g. water, so as to fill a space between
the final element of the projection system and the substrate. In
an embodiment, the liquid 1s distilled water, although another
liquid can be used. An embodiment of the invention will be
described with reference to liquid. However, another flmid
may be suitable, particularly a wetting fluid, an incompress-
ible fluid and/or a fluid with higher refractive index than atr,
desirably a higher refractive index than water. Fluids exclud-
ing gases are particularly desirable. The point of this 1s to
enable 1maging of smaller features since the exposure radia-
tion will have a shorter wavelength in the liquid. (The effect of
the liquid may also be regarded as increasing the effective
numerical aperture (NA) of the system and also increasing the
depth of focus. ) Other immersion liquids have been proposed,
including water with solid particles (e.g. quartz) suspended
therein, or a liquid with a nano-particle suspension (e.g. par-
ticles with a maximum dimension of up to 10 nm). The
suspended particles may or may not have a similar or the same
refractive index as the liquid in which they are suspended.
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Other liquids which may be suitable include a hydrocarbon,
such as an aromatic, a fluorohydrocarbon, and/or an aqueous
solution.

Submersing the substrate or substrate and substrate table in
a bath of liqud (see, for example, U.S. Pat. No. 4,509,852)
means that there 1s a large body of liquid that must be accel-
erated during a scanning exposure. This requires additional or
more powertul motors and turbulence in the liquid may lead
to undesirable and unpredictable effects.

Another arrangement proposed 1s for a liquid supply sys-
tem to provide liquid on only a localized area of the substrate
and 1n between the final element of the projection system and
the substrate using a liquid confinement system (the substrate
generally has a larger surface area than the final element of the
projection system). One way which has been proposed to
arrange for this 1s disclosed in WO 99/49504. This type of
arrangement may be referred to as a localized immersion
system.

Another arrangement 1s an all wet arrangement 1n which
the immersion liquid 1s unconfined as disclosed in PCT Patent
Application Publication No. WO 2005/0644035. In such a
system the immersion liquid 1s unconfined. The whole top
surface of the substrate 1s covered 1n liquid. This may be
advantageous because then the whole top surface of the sub-
strate 1s exposed to the substantially same conditions. This
may have an advantage for temperature control and process-
ing of the substrate. In WO 2005/064405, a liguid supply
system provides liquid to the gap between the final element of
the projection system and the substrate. That liquid 1s allowed
to leak (or tlow) over the remainder of the substrate. A barrier
at the edge of a substrate table prevents the liquid from escap-
ing so that it can be removed from the top surface of the
substrate table 1n a controlled way. Although such a system
improves temperature control and processing of the substrate,
evaporation of the immersion liquid may still occur. One way
of helping to alleviate that problem 1s described in United
States Patent Application Publication No. US 2006/0119809.
A member 1s provided which covers the substrate in all posi-
tions and which 1s arranged to have immersion liquid extend-
ing between 1t and the top surface of the substrate and/or
substrate table which holds the substrate.

In European Patent Application Publication No. EP
1420300 and United States Patent Application Publication
No. US 2004-0136494, each hereby incorporated in their
entirety by reference, the 1dea of a twin or dual stage immer-
s1on lithography apparatus 1s disclosed. Such an apparatus 1s
provided with two tables for supporting a substrate. Leveling
measurements are carried out with a table at a first position,
without immersion liquid, and exposure 1s carried out with a
table at a second position, where immersion liquid 1s present.
Alternatively, the apparatus has only one table.

After exposure of a substrate 1n an immersion lithographic
apparatus, the substrate table may be moved away from 1ts
exposure position to a position 1n which the substrate may be
removed and replaced by a different substrate. This 1s known
as substrate swap. In a two stage lithographic apparatus, a
swap ol the tables may take place under the projection system.

In an 1mmersion apparatus, immersion fluid 1s handled by
a fluid handling system or apparatus. In an embodiment the
fluid handling system may supply immersion fluid and there-
fore be a fluid supply system. In an embodiment the fluid
handling system may at least partly confine immersion fluid
and thereby be a fluid confinement system. In an embodiment
the fluid handling system may provide a barrier to immersion
fluid and thereby be a barrier member, such as a fluid con-
finement structure. In an embodiment the fluid handling sys-
tem may create or use a flow of fluid (such as gas), for
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example to help in handling liquid, e.g. in controlling the flow
and/or the position of the immersion fluid. The flow of gas
may form a seal to confine the immersion fluid so the fluid
handling structure may be referred to as a seal member; such
a seal member may be a fluid confinement structure. In an
embodiment, immersion liquid 1s used as the immersion tluid.
In that case the fluid handling system may be a liquid handling
system. The fluid handling system may be located between
the projection system and the substrate table. In reference to
the atorementioned description, reference 1n this paragraph to
a feature defined with respect to fluid may be understood to
include a feature defined with respect to liquid, 11 the context
1s deemed appropriate.

SUMMARY

In an immersion lithographic apparatus, a gap may exist in
a surface of an 1immersion system (e.g. a part of the litho-
graphic apparatus which contacts immersion liquid). For
example, the gap may be between different components or
between different parts of the same component. It 1s desirable,
for example, to ensure that immersion liquid does not enter
the gap. Liquid which escapes into the gap may deleteriously
aifect the performance of the immersion system, and so the
immersion lithographic apparatus. Therefore 1t 1s desirable
that the gap 1s liquidprootfed against ingress ol 1immersion
liquad.

It1s desirable, for example, to provide a sealing member for
sealing a gap 1n an immersion lithographic apparatus, for
example a surface 1n an immersion system. As some features
of the immersion system, for example a substrate table and a
projection system, may undergo rapid acceleration with
respect to each other a force may be applied between the
different components of the immersion system, for example
the parts forming the gap. An applied force may cause relative
movement therebetween. However, where the relative posi-
tion of the two components, such as an optical sensor and a
table, needs to be accurately known, for example for exposing
a target portion, 1t 1s desirable for the components to have a
similar, if not the same, relative position before and after the
application ofthe force. Therefore 1t 1s desirable, for example,
to provide a sealing member that does not have significant
force coupling, 1n particular time-related force-coupling,
between the parts of the immersion lithographic apparatus
which form the sealed gap.

According to an aspect, there 1s provided a sealing member
kit for sealing a gap formed between at least two surfaces of
an immersion lithographic apparatus from immersion liqud
ingress, the sealing member kit for forming a sealing member,
the sealing member kit comprising:

a plastic material or polymeric sealing portion; and

an adhesive to attach the sealing portion to a surface of an

immersion lithographic apparatus,

wherein the stiflness of the plastic material or polymeric

sealing portion 1s no more than 100% of the stiffness of
the adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the imnvention will now be described, by
way ol example only, with reference to the accompanying,
schematic drawings in which corresponding reference sym-
bols imndicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIGS. 2 and 3 depict a liquad supply system for use 1n a
lithographic projection apparatus;
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FIG. 4 depicts a further liquid supply system for use 1n a
lithographic projection apparatus;

FIG. 5 depicts a further liquid supply system for use 1n a
lithographic projection apparatus;

FIG. 6 depicts, 1n plan, a substrate table;

FIG. 7 depicts, 1n plan, a measurement table;

FIG. 8 depicts, 1n plan, a removable member of an embodi-
ment of the mvention 1n the form of a sealing member;

FIG. 9 depicts, 1in cross-section, a sealing member sealing
a gap between two surfaces of an immersion lithographic
apparatus such as a sensor and a surface of a table which holds
the sensor:

FIG. 10 depicts, 1n cross-section, a sealing member after
movement, 1n a plane substantially parallel to the plane of the
sealing member or the table, of at least one of the components
forming the gap which the sealing member seals;

FIG. 11 depicts, in cross-section, a sealing member accord-
ing to an embodiment of the invention sealing a gap between
two surfaces of an immersion lithographic apparatus;

FIG. 12 depicts, 1n cross-section, the sealing member of
FIG. 11 after movement, 1n a plane substantially parallel to
the plane of the sealing member or the table, of at least one of
the components forming the gap which the sealing member
seals:

FIG. 13 depaicts, in cross-section, a sealing member sealing
a gap between two surfaces of an immersion lithographic
apparatus such as a sensor provided 1n a table of FIG. 6 or
FI1G. 7 and the surface of the table;

FIG. 14 depicts, 1n cross-section, the sealing member
shown FIG. 13 after movement, 1n a plane substantially par-
allel to the plane of the sealing member or the table, of at least
one of the components forming the gap which the sealing
member seals;

FIG. 15 depicts, in cross-section, a sealing member accord-
ing to an embodiment of the invention sealing a gap between
two surfaces of an immersion lithographic apparatus;

FIG. 16 depicts, 1n cross-section, the sealing member of
FIG. 15 after movement of at least one of the surfaces sealed
by the sealing member;

FIG. 17 depicts, 1n cross-section, the sealing member of
FIG. 9 after movement, 1n a direction perpendicular to the
plane of the sealing member, of at least one of the components
forming the gap sealed by the sealing member;

FIG. 18 depicts, 1n cross-section, the sealing member of
FIG. 11 after movement, 1n a direction perpendicular to the
plane ol the sealing member, of at least one of the components
forming the gap sealed by the sealing member;

FIG. 19 depicts, 1n cross-section, the sealing member of
FIG. 13 after movement, 1n a direction perpendicular to the
plane ol the sealing member, of at least one of the components
forming the gap sealed by the sealing member;

FIG. 20 depicts, 1n cross-section, the sealing member of
FIG. 15 after movement, 1n a direction perpendicular to the
plane of the sealing member, of at least one of the components
forming the gap sealed by the sealing member;

FIG. 21 1s a schematic representation of a cross-section
along line 9-9 of FIG. 8, through a removable member
according to an embodiment of the invention;

FIG. 22 1s a schematic representation of a cross-section
along line 9-9 of FIG. 8, through a removable member
according to an embodiment of the mnvention;

FIG. 23 1s a schematic representation of a cross-section
along line 9-9 of FIG. 8, through a removable member
according to an embodiment of the mnvention;

FIG. 24 depicts, in cross section, a swap bridge for engage-
ment to a substrate table W, indicating possible positions of
a surface member;
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FIG. 25 depicts, 1n cross section, a final element of a
projection system and a liquid containment structure, indicat-

ing possible positions of a surface member;

FI1G. 26 1s a graph showing the effect ol adhesive damping
constant and sealing portion stifiness on the settling time of a
sealing member; and

FIG. 27 1s a schematic representation of a cross-section
along line 9-9 of FIG. 8, through a removable member
according to an embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
COmMprises:

an 1llumination system (i1lluminator) IL configured to con-
dition a radiation beam B (e.g. UV radiation or DUV
radiation).

a support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and con-
nected to a first positioner PM configured to accurately
position the patterning device MA 1n accordance with
certain parameters;

a substratetable (e.g. a water table) WT constructed to hold
a substrate (e.g. a resist-coated water) W and connected
to a second positioner PW configured to accurately posi-
tion the substrate W 1n accordance with certain param-
eters; and

a projection system (e.g. a refractive projection lens sys-
tem) PS configured to project a pattern imparted to the
radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the
substrate W.

The illumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The support structure MT holds the patterning device. It
holds the patterning device 1n a manner that depends on the
orientation of the patterning device, the design of the litho-
graphic apparatus, and other conditions, such as for example
whether or not the patterning device 1s held in a vacuum
environment. The support structure can use mechanical,
vacuum, electrostatic or other clamping techniques to hold
the patterning device. The support structure may be a frame or
a table, for example, which may be fixed or movable as
required. The support structure may ensure that the patterning,
device 1s at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask”™
herein may be considered synonymous with the more general
term “patterning device.”

The term “patterning device” used heremn should be
broadly interpreted as referring to any device that can be used
to impart a radiation beam with a pattern 1n its cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example 1f the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being
created 1n the target portion, such as an mtegrated circuit.

The patterning device may be transmissive or retlective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
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binary, alternating phase-shift, and attenuated phase-shiit, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an icoming radiation beam 1n different directions.
The tilted mirrors impart a pattern 1n a radiation beam which
1s reflected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereolf, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a retlective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
patterning device tables). In such “multiple stage™ machines
the additional tables may be used 1n parallel, or preparatory
steps may be carried out on one or more tables while one or
more other tables are being used for exposure.

Referring to FIG. 1, the illuminator IL receives a radiation
beam from a radiation source SO. The source SO and the
lithographic apparatus may be separate entities, for example
when the source 1s an excimer laser. In such cases, the source
SO 1s not considered to form part of the lithographic appara-
tus and the radiation beam 1s passed from the source SO to the
illuminator IL with the aid of a beam delivery system BD
comprising, for example, suitable directing mirrors and/or a
beam expander. In other cases the source SO may be an
integral part of the lithographic apparatus, for example when
the source 1s a mercury lamp. The source SO and the 11lumi-
nator IL, together with the beam delivery system BD if
required, may be referred to as a radiation system.

The i1lluminator IL. may comprise an adjuster AD for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or 1nner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
of the intensity distribution 1n a pupil plane of the illuminator
IL. can be adjusted. In addition, the illuminator IL may com-
prise various other components, such as an integrator IN and
a condenser CO. The illuminator IL may be used to condition
the radiation beam, to have a desired uniformity and intensity
distribution 1n 1ts cross-section.

The radiation beam B 1s incident on the patterning device
MA (e.g., mask), which 1s held on the support structure MT
(e.g., mask table), and 1s patterned by the patterning device
MA. Having traversed the patterning device MA, the radia-
tion beam B passes through the projection system PS, which
focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and position sensor
IF (e.g. an interferometric device, linear encoder or capacitive
sensor), the substrate table W can be moved accurately, e.g.
sO as to position different target portions C in the path of the
radiation beam B. Similarly, the first positioner PM and
another position sensor (which 1s not explicitly depicted 1n
FIG. 1) can be used to accurately position the patterning
device MA with respect to the path of the radiation beam B,
¢.g. alter mechanical retrieval from a mask library, or during
a scan. In general, movement of the support structure MT may
be realized with the aid of a long-stroke module (coarse
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positioning) and a short-stroke module (fine positioning),
which form part of the first positioner PM. Similarly, move-
ment of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which form
part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the support structure MT may be con-
nected to a short-stroke actuator only, or may be fixed. Pat-
terming device MA and substrate W may be aligned using
patterning device alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment
marks as illustrated occupy dedicated target portions, they
may be located 1n spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, 1n situa-
tions 1n which more than one die 1s provided on the patterning,
device MA, the patterning device alignment marks may be
located between the dies.

The depicted apparatus could be used 1n at least one of the
following modes:

1. In step mode, the support structure MT and the substrate
table WT are kept essentially stationary, while an entire pat-
tern 1mparted to the radiation beam B 1s projected onto a
target portion C at one time (1.€. a single static exposure). The
substrate table W 1s then shifted 1n the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
ol the target portion C 1maged 1n a single static exposure.

2. In scan mode, the support structure MT and the substrate
table W are scanned synchronously while a pattern imparted
to the radiation beam B 1s projected onto a target portion C
(1.e. a single dynamic exposure). The velocity and direction of
the substrate table W'T relative to the support structure MT
may be determined by the (de-)magnification and image
reversal characteristics of the projection system PS. In scan
mode, the maximum size ol the exposure field limits the
width (in the non-scanning direction) of the target portion C
in a single dynamic exposure, whereas the length of the scan-
ning motion determines the height (in the scanning direction)
of the target portion C.

3. In another mode, the support structure MT 1s kept essen-
tially stationary holding a programmable patterning device,
and the substrate table WT 1s moved or scanned while a
pattern imparted to the radiation beam B 1s projected onto a
target portion C. In this mode, generally a pulsed radiation
source 1s employed and the programmable patterning device
1s updated as required after each movement of the substrate
table W'T or 1n between successive radiation pulses during a
scan. This mode of operation can be readily applied to mask-
less lithography that utilizes programmable patterning
device, such as a programmable mirror array ol a type as
referred to above.

Combinations and/or varnations on the above described
modes of use or entirely different modes of use may also be
employed.

Arrangements for providing liquid between a final element
of the projection system and the substrate can be classed into
at least three general categories. These are the bath type
arrangement, the so-called localized immersion system and
the all-wet immersion system. In the bath type arrangement
substantially the whole of the substrate and optionally part of
the substrate table 1s submersed 1n a bath of liquid.

The localized immersion system uses a liquid supply sys-
tem 1n which liquid 1s only provided to a localized area of the
substrate. The space filled by liquid 1s smaller 1n plan than the
top surface of the substrate and the area filled with liquid
remains substantially stationary relative to the projection sys-
tem PS while the substrate moves underneath that area. FIGS.
2-5 show different supply devices which can be used 1n such
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a system. Sealing features are present to seal liquid to the
localized area. One way which has been proposed to arrange
for this 1s disclosed in PCT Patent Application Publication
No. WO 99/49504.

In the all wet arrangement the liquid 1s unconfined. Sub-
stantially the whole top surface of the substrate and all or part
of the substrate table 1s covered 1in immersion liquid. The
depth of the liquid covering at least the substrate 1s small. The
liqguid may be a film, such as a thin film, of liqud on the
substrate. Immersion liquid may be supplied to or 1n the
region ol a projection system and a facing surface facing the
projection system (such a facing surface may be the surface of
a substrate and/or a substrate table). Any of the liquid supply
devices of FIGS. 2-5 may be used 1n such a system. However,
sealing features may not be present, may not be activated,
may not be as efficient as normal or may be otherwise inet-
fective to seal liquid to only the localized area.

As 1llustrated 1n FIGS. 2 and 3, liquid 1s supplied by at least
one 1nlet onto the substrate, preferably along the direction of
movement of the substrate relative to the final element. Liquid
1s removed by at least one outlet after having passed under the
projection system PS. That 1s, as the substrate 1s scanned
beneath the element 1n a —X direction, liquid 1s supplied at the
+X side of the element and taken up at the —X side. FIG. 2
shows the arrangement schematically in which liquid 1s sup-
plied via inlet and 1s taken up on the other side of the element
by outlet which 1s connected to a low pressure source. In the
illustration of FI1G. 2 the liquid 1s supplied along the direction
of movement of the substrate W relative to the final element,
though this does not need to be the case. Various orientations
and numbers of - and out-lets positioned around the final
clement are possible; one example 1s illustrated 1n FIG. 3 1n
which four sets of an inlet with an outlet on either side are
provided 1n a regular pattern around the final element. Note
that the direction of flow of the liquid 1s shown by arrows 1n
FIGS. 2 and 3.

A further immersion lithography solution with a localized
liquid supply system1s shown in FIG. 4. Liquid 1s supplied by
two groove inlets on etther side of the projection system PS.
Liquid 1s removed by a plurality of discrete outlets arranged
radially outwardly of the inlets. The inlets can be arranged 1n
a plate with a hole 1n 1ts center and through which the projec-
tion beam 1s projected. Liquid 1s supplied by one groove inlet
on one side of the projection system PS and removed by a
plurality of discrete outlets on the other side of the projection
system PS, causing a flow of a thin film of liquid between the
projection system PS and the substrate W. The choice of
which combination of inlet and outlets to use can depend on
the direction of movement of the substrate W (the other com-
bination of inlet and outlets being inactive). Note that the
direction of flow of fluid and of the substrate W 1s shown by
arrows 1n FIG. 4.

Another arrangement which has been proposed 1s to pro-
vide the liquid supply system with liquid confinement struc-
ture which extends along at least a part of a boundary of the
space between the final element of the projection system and
the substrate table. Such an arrangement 1s 1llustrated i FIG.
5.

FIG. 5 schematically depicts a localized liquid supply sys-
tem or fluid handling structure with a liquid confinement
structure 12, which extends along at least a part of a boundary
of the space 11 between the final element of the projection
system PS and a facing surface (e.g. of a table, such as
substrate table WT, or a substrate W which may be supported
by the substrate table. The table may have a cover plate which
may serve as the facing surface). (Please note thatreference in
the following text to the surface of the substrate W also refers
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in addition or 1n the alternative to a surface of the substrate
table WT, unless expressly stated otherwise.) The liquid con-
finement structure 12 may be substantially stationary relative
to the projection system PS 1n the XY plane. The hqud
confinement structure 12 may move relative to the projection
system 1n the Z direction (e.g. 1n the direction of the optical
axis). In an embodiment, a seal 1s formed between the liquid
coniinement structure 12 and the facing surface. The seal may
be a contactless seal such as a gas seal (such a system with a
gas seal 1s disclosed 1n United States Patent Application Pub-
lication No. US 2004-0207824) or liquid seal.

The liquid confinement structure 12 at least partly contains
liquid 1n the space 11 between a final element of the projec-
tion system PS and the substrate W. A contactless seal, such as
a gas seal 16, to the substrate W may be formed around the
image field of the projection system PS so that liquid 1s
coniined within the space 11 between the substrate W surface
and the final element of the projection system PS. The space
11 1s at least partly formed by the liquid confinement structure
12 positioned below and surrounding the final element of the
projection system PS. Liquid 1s brought into the space 11
below the projection system PS and within the liquid confine-
ment structure 12 by liquid inlet 13. The liquid may be
removed by liquid outlet 13. The liquid confinement structure
12 may extend a little above the final element of the projection
system PS. The liquid level rises above the final element so
that a buller of iguid may be provided. In an embodiment, the
liquid confinement structure 12 has an inner periphery that at
the upper end closely conforms to the shape of the projection
system PS or the final element thereof and may, €.g., be round.
At the bottom, the mner periphery closely conforms to the
shape of the image field, e.g., rectangular, though this need
not be the case.

The liquid may be contained in the space 11 by the con-
tactless seal, e.g. gas seal 16, which, during use, may be
formed between the bottom of the liquid confinement struc-
ture 12 and the surface of the substrate W. The gas seal 16 1s
tformed by gas, e.g. air or synthetic air but, 1n an embodiment,
N, or another 1nert gas. The gas 1n the gas seal 16 1s provided
under pressure via inlet 15 to the gap between liquid confine-
ment structure 12 and substrate W. The gas 1s extracted via
outlet 14. The overpressure on the gas 1nlet 15, vacuum level
on the outlet 14 and geometry of the gap are arranged so that
there 1s a high-velocity gas flow mmwardly that confines the
liquid. The force of the gas on the liquid between the liqud
confinement structure 12 and the substrate W contains the
liquidinaspace 11. The ilets/outlets may be annular grooves
which surround the space 11. The annular grooves may be
continuous or discontinuous. The tlow of gas 1s elffective to
contain the liquid 1n the space 11. Such a system 1s disclosed
in United States Patent Application Publication No. US 2004-
0207824, which 1s hereby incorporated by reference 1n 1ts
entirety. In another embodiment, the liquid confinement
structure 12 does not have a gas seal.

The example of FIG. 5 may be a liquid confinement struc-
ture used 1n a localized immersion system or an all wet system
as described herein.

The liquid confinement structure 12 of FIG. 5 may have
other features. For example, the undersurface 40 of the liquid
confinement structure 12 may have an extractor, for example
a porous member. The extractor may be an extractor assembly
radially inwardly of the outlet 14. The extractor assembly
may extract liquid from between the liquid confinement
structure 12 and the substrate W. The extractor assembly may
operate as a single phase or as a dual phase extractor. The
extractor assembly may comprise a liquid removal device or
extractor or 1let such as the one disclosed 1n United States
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Patent Application Publication No. US 2006-0038968, incor-
porated herein 1n 1ts entirety by reference. In an embodiment,
the extractor comprises an 1nlet which 1s covered 1n a porous
material which 1s used to separate liquid from gas to enable
single-liquid phase liquid extraction. The meniscuses formed
in the holes of the porous material prevent ambient gas from
being drawn 1nto a chamber of the extractor assembly. When
the surface of the porous material comes mnto contact with
liquid there 1s no meniscus to restrict flow. The liquid can flow
freely into the chamber of the liqud removal device. In an
embodiment, porous material 1s at least slightly liquidphilic
with respect to the immersion liquid, e.g. water.

An arrangement 1n which such an extractor assembly 1s
used 1n combination with a recess and a gas knife 1s disclosed
in detail 1n United States Patent Application Publication No.
US 2006/0158627 incorporated herein 1n 1ts entirety by ref-
erence. An example of an embodiment of a liquid confine-
ment structure suitable for use 1n an all wet embodiment can
be found 1 United States Patent Application Publication No.
2010/0060868.

An embodiment of liquid confinement structure {for
example as shown 1n FIG. 3 has features of a gas drag liquid
confinement structure such as that described 1n U.S. Patent
Application Ser. No. 61/181,158 filed 26 May 2009, which 1s
hereby incorporated 1n 1ts entirety by reference. United States
Patent Application Publication No. US 2008/0212046 pro-
vides further details and its content 1s also hereby incorpo-
rated by reference 1n 1its entirety. Such a gas drag Lhiquid
confinement structure 1s used to remove liquid from between
the liquid confinement structure 12 and the facing surface. It
may be used mstead of a porous member. The features of a gas
drag liquid confinement structure include a plurality of open-
ings formed 1n the undersurface of a confinement structure
12, around the periphery of the space 11. The openings are
connected to an underpressure source so that liquid 1is
removed from under the liquid confinement structure. The
liquid forms a meniscus between the openings and the facing
surface. The meniscus 1s as such pinned by the openings.
Liquid may be removed through the openings 1n two phase.
Such a confinement structure may have a gas seal to facilitate
the removal of the liquid, the pinning of the meniscus to the
openings or both.

In all of the above liquid confinement structures, liquid 1s
supplied to a space 11 between the projection system PS and
the facing surface. In the example of FIG. 5 the liqud 1s
supplied through opening 13, so that it may serve as an 1nlet.
Liquid may be removed from the space. In an embodiment
immersion liquid 1s removed through an opening 1n the liquid
confinement structure 12, for example opening 13, so that 1t
serves as an outlet. Liquid may supplied through an opening
13 and removed from the same opening on the opposite side
of the space.

FIG. 6 1llustrates a plan view of a top surface of a substrate
table WT. In the top surface of the substrate table WT are
formed various opemings. The top surface of the substrate
table WT may otherwise be substantially planar, for example
in an axis perpendicular to the optical axis of the projection
system. The substrate table WT may comprise a substrate
support 80 for supporting a substrate W. The substrate support
may be 1n a recess 1n the substrate table, for example 1n a top
surface of the substrate table. The recess may be an opening in
the top surface of the substrate table, for example as shown as
a circular opening 1n FIG. 6. The recess may be dimensioned
so that when a substrate 1s supported by the substrate support
80, the surface of the substrate facing away from the substrate
support 80 1s substantially co-planar with at least the sur-
rounding surface of the substrate table WT.
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The lithographic apparatus may have an interferometer
system configured to determine the position of the substrate
table W, and therefore the substrate W (when supported by
the substrate table W'T'). In an embodiment the substrate table
WT may have a part of the interferometer system, for example
one or more mirrors. The interferometer system may use
radiation that 1s substantially 1n the plane of the surface of the
substrate table W, for example perpendicular to the optical
axis of the lithographic apparatus, to calculate and determine
the position of the substrate W. The interferometer system
may determine the position of the substrate table W'T and/or
substrate W relative to another frame of reference, {for
example, the projection system, or the liquid confinement
structure. Additionally or alternatively the lithographic appa-
ratus may comprise an encoder system configured to deter-
mine the position of the substrate table W1, and therefore the
substrate W (when supported by the substrate table WT). The
encoder system may include one or more encoder sensors and
one or more encoder blocks which may take the form of a grnid
that may be provided a graduated scale for accurate position-
ing. In an embodiment the substrate table WT may have a part
of the encoder system, for example one or more encoder
sensors and/or one or more encoder blocks. The encoder
system may use radiation that 1s substantially parallel to the
plane of the optical axis of the lithographic apparatus to
calculate the position of the substrate table WT and/or sub-
strate W. The encoder system may determine the position of
the substrate table WT and/or substrate W relative to another
frame of reference, for example, the projection system, or the
liquid confinement structure.

In an embodiment, the substrate table WT may further
comprise a cover plate. The top surface of the cover plate may
form the top surface ol the substrate table WT. The cover plate
may be separable from the rest of the substrate table WT. The
cover plate may have an opening through which a substrate
may be placed on the substrate support 80. The top surface of
the cover plate may provide a flat and continuous upper sur-
face to the substrate table.

It 1s desirable that components of a substrate table W may
be removed to enable, for example 1n a non-limiting list,
replacement, repair or cleaning of one or more components of
the table. In an embodiment, the substrate support 80 1s
removable, without major dismantling (for example,
removal) of one or more other components of the substrate
table WT. The cover plate (1if present) may be removably
mounted. When present on the substrate table W, the cover
plate may cover one or more other elements of the substrate
table WT. On removal of the cover plate, another element of
the substrate table W protected by the cover plate in use may
be serviced.

One or more components may be positioned around the
opening for the substrate support 80. At least one of these
components may need to be illuminated by the beam B of the
projection system PS during use. One or more of the compo-
nents may be a sensor. In the example shown 1 FIG. 6, there
are a number of sensors including two transmission 1mage
sensors (T1IS) 310, a spot sensor 330 and an integrated lens
interferometer at scanner (ILIAS) 320 sensor. If one of more
of these sensors, e.g. optical components, are covered by the
cover plate, at least part of the portion of the cover plate
covering the sensor 1s transparent to the radiation detected by
the respective sensor.

It 1s not necessary that the sensors are located in the same
table which supports a substrate. FIG. 7 1s a schematic rep-
resentation of two tables, one of which 1s a substrate table WT
and the other of which 1s a measurement table MRT. The
substrate table WT 1s similar to the substrate table WT of FIG.
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6. The substrate table WT has a substrate support 80 which 1s
configured to support a substrate and a positioning system to
enable accurate positioning of the substrate table W, and
therefore a supported substrate W, relative to another frame of
reference, for example the projection system. In an embodi-
ment the positioning system 1s an encoder system having one
or more sensors and an encoder grid. In an embodiment an
encoder grid 85 1s arranged around the periphery of the sub-
strate table. One or more encoder sensors may be positioned
relative to the encoder grid, for example a base frame, so as to
determine the position of the substrate table relative to the
projection system. Each additional sensor may be located on
the measurement table MRT, for example to minimize the
weight of the substrate table WT. The features of the mea-
surement table MRT may be the same as the substrate table
WT, but without the feature of a substrate support 80. The
measurement table may have one or more sensors 310, 320,
330. The measurement table may have a cleaning station.
Each of the objects (the sensors, the encoder grid, the sub-
strate support, and the cleaning station) may be located 1n a
recess 1n the table MRT, W'T. The surface of at least one of the
objects (except at least the substrate support) may be co-
planar with at least part of the table MRT, WT surrounding the
respective object. In an embodiment, the substrate table WT
and/or the measurement table MRT has a cover plate. In an
embodiment the substrate table W' and/or the measurement
table MRT has a top surface which 1s an un-removable, fixed
component.

In the arrangements shown 1n each of FIGS. 6 and 7, 1t 1s
desirable for there to be a good seal between the top surface of
a table WT, MRT and an object located 1n an opening in the
table MRT, W', such as at least one of the sensors 310, 320,
330, the encoder grid 85 and the substrate support 80. It 1s
desirable to have a good seal between an object and the
surface of the table surrounding the object to prevent or
reduce ingress of immersion liquid into a gap formed between
the object and the table. Ingress of immersion liquid may be
detrimental to the performance of the immersion lithographic
apparatus. The liquid may damage one or more components,
for example a delicate component such as a sensor, which
may be flmidly connected to the gap for example 11 the gap 1s
not sealed. Liquid in the gap may transport contamination
into the gap, increasing the contamination within the gap. The
contamination may be in the form of a particle, for example of
a substrate coating. The contamination may be a non-volatile
component ol the immersion liquid, such as silica, which may
remain aiter the liguid evaporates. The contamination may
later be a source of imaging defectivity. On evaporating, the
immersion liquid absorbs heat from 1ts surroundings, distort-
ing for example the surfaces forming the gap. Such distortion,
for example on a sensor or a substrate support, may aifect
positioning information, affecting the accurate positioning of
a beam onto a target portion of a substrate or sensor.

An embodiment of a sealing member 600 according to an
embodiment of the invention 1s 1llustrated in plan in FIG. 8.
The sealing member 600 may be removable, so that the sensor
can be removed and optionally replaced on the table MRT,
WT. In an embodiment, the sealing member 600 may be
reused. The sealing member 600 may be disposable. As can
be seen, the sealing member 600 1s made as a closed loop
which has a similar shape as a sensor 310, 320, 330 (or other
object such as an encoder grid 85 and/or a substrate support
80) in substantially the same plane as the top surface of the
table WT, MRT. The top surface of the table has an opening of
similar shape to the sensor in the plane of the top surface of the
table; the opening 1s dimensioned for the object to be placed
therein. There may be a gap formed therebetween. The seal-
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ing member 600 has an internal periphery which 1s smaller
than the shape of the supported object 1n the plane of the top
surface of the table. The sealing member 600 has an external
periphery which 1s larger than the shape of the opening. The
sealing member 600 therefore has a width d, between the
internal and external peripheries. In an embodiment the width
d 1s of the order of 10 mm, although a range of from 0.2 mm
to S0 mm 1s possible. Therefore, when the object 1s placed in
the opening, and the sealing member 600 1s placed around the

periphery of the object, the sealing member 600 covers a
portion of the object at 1ts periphery, a part of the table MRT,
WT around the opening and the gap formed therebetween.

Although the description herein generally relates 1in parts to
a sealing member 600 for sealing the space, or gap, between
an object such as a sensor 310, 320, 330 and the top surface of
a table W, MRT, it will be understood that a member similar
to a sealing member may be used to seal the space, or gap,
between any other two components of an immersion litho-
graphic apparatus where 1t 1s desirable to prevent or reduce
immersion liquid ingress. The sealing member 600 according
to such embodiments may have a shape 1n plan view (1.e. the
view ol FIG. 8) adapted according to (for example corre-
sponding to, or the same as) the shape of the gap to be sealed.
For example, a sensor (such as a spot, TIS or ILIAS sensor) 1in
some 1mmersion lithographic apparatuses may have any
shape, for example circular, 1n plan view (1.e. the views of
FIG. 6 and FIG. 8). In this case, the sealing member 600 may
have a corresponding circular shape, in plan view.

Examples of surfaces around which a sealing member 600
could be used include: between the body of a table WT, MRT
(or cover plate of the table WT, MRT if present) and one or
more sensors; between the periphery of the substrate support
and a substrate table WT; around the radially outward under-
surface of the final element of the projection system; and/or to
cover an opening in the top surface of the substrate table WT,
for example between an engagement portion of a removable
bridge which may serve as a shutter member during substrate
swap, and the top surface of a table MRT, WT. Alternatively or
additionally, a sealing member 600 may be used to provide a
surface with a specific physical property, for example a con-
tact angle with respect to the immersion liquid, such as lyo-
phobic ({or example hydrophobic) surface. The sealing mem-
ber 600 1n this context may serve as a surface member,
altering the surface which the sealing member covers.

A conventional sealing member (which may be referred to
as a “sticker’”) 1s made of a metal, such as stainless steel. Such
a stainless steel sealing member 1s very stiff. Typically, it may
have a Young’s modulus of about 200 GPa. The stainless steel
sealing member would typically be attached to the surfaces of
the components which are being sealed using an adhesive,
such as an adhesive or glue layer. The stifiness of the adhesive
1s generally much lower than the stiffness of the stainless steel
sticker. Furthermore, the adhesive generally has a visco-elas-
tic property, and so may take a significant period of time to
return to its original shape after being deformed. This has an
impact on the force coupling between the two surfaces that
are being sealed, as explained below inrelation to FIGS. 9 and
10.

A conventional sealing member such as that described
above 1s shown 1n cross section 1n FIG. 9. As shown, a con-
ventional sealing member 500 has a conventional upper stain-
less steel seal portion 520 and a conventional adhesive layer
510. In the example shown 1n FI1G. 9, the conventional sealing
member 500 1s being used to seal a gap 700 having a width x
between a TIS sensor 310 and the top surface of a table, such
as a substrate table W'T (or a cover plate of the table 1f
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present). As noted above, a sealing member S00 of an appro-
priate shape (1n plan view) could be used to seal a gap between
any two or more components.

FIG. 10 shows a situation where relative movement
between the two components forming the gap being sealed
has occurred, 1.e. 1n the frame of reference of one of the
components, there 1s motion of one of the components rela-
tive to the other. In the example shown in FIG. 10, the TIS
sensor 310 has moved relative to the substrate table WT by a
distance dx. The relative movement in the example shown 1n
FIG. 10 1s 1n the x-y plane, 1.e. 1n the plane parallel to the
upper surface of the substrate table WT. The movement dx 1s
in a plane parallel to the plane shown 1n the plan view of FIG.
6. This relative movement may result from, for example, the
relative movement of the substrate table and the projection
system during exposure exerting a force on the substrate table
WT and/or sensor and/or substrate/substrate support. To
achieve the desired speed of relative motion between the
substrate table and the projection system for example during
scanning or stepping, a large acceleration 1n the x-y plane 1s
applied to the substrate table, and therefore to an object sup-
ported by the substrate table such as the TIS sensor 310. The
acceleration 1s also applied to the sealing member 500 sealing
the gap between the substrate table W' and the sensor. As the
object 1s at least partly attached to the table by the sealing
member, the forces generated by the acceleration between the
object and the table are at least partly transmitted through the
sealing member 500. The forces may generate a deformation
movement dx 1n the sealing member 500. The movement dx
1s undesirable as it represents movement of the object relative
to the supporting table, such as the substrate table WT. As the
positioning system measures the substrate table, for example,
relative to a frame of reference, such as the projection system,
the movement dx may introduce an error into the positioning
of the object, for example a substrate support 80 relative to the
projection system. This may aflect accurate positioning and
exposure of, for example, a substrate supported by the sub-
strate support 80.

As can be seen1n FIG. 10, because the conventional sealing
portion 520 1s made of stainless steel 1t 1s relatively stiff. The
conventional sealing portion 520 thus experiences very little
or no deformation. Thus the shape of the conventional sealing
portion 520 remains substantially unchanged between the
original position of FIG. 9 and the position shown 1n FIG. 10
alter relative movement of the two components forming the
gap 700 being sealed. However, as explained herein, the con-
ventional adhesive layer 510 1s much less stiil than the con-
ventional sealing portion 520. As such, any relative motion
between the two components (for example sideways move-
ment of the TIS sensor 310 1n the x-y plane relative to the
mirror substrate table WT 1n the example shown 1n FIG. 9) 1s
transierred to the conventional adhesive layer 510. The con-
ventional adhesive layer 510 in the conventional sealing
member 500 may thus experience significant deformation.
The conventional adhesive layer 510 1n the conventional seal-
ing member 300 has a visco-elastic property. So after removal
ol the force that caused the relative movement between the
two components forming the gap being sealed (for example
the top surface of the substrate table WT and the TIS sensor
310 1n FIG. 10), there 1s a delay 1n the two components W,
310 returning to their original positions, for example as
shown FIG. 9. The delay results from the time taken for the
conventional adhesive layer 510 to return to 1ts original shape
and/or position; for example the time for the conventional
sealing member to return to 1ts original form as shown in FIG.
9 from the deformed shape of FIG. 10. The conventional
adhesive layer 510 may act as a damper, providing a time-
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related force-coupling between the two components WT, 310
to which the sealing member 500 1s attached.

In the conventional sealing member 500 shown 1n FIGS. 9
and 10, because the conventional sealing portion 520 1s rela-
tively much stiffer than the conventional adhesive layer 510,
almost all of the relative movement between the two compo-
nents W, 310 is transferred to the adhesive layer 510. A
larger deformation of the conventional adhesive layer results
than i1f the deformation was distributed between the conven-
tional sealing portion 520 and the conventional adhesive layer
510. The conventional adhesive layer 510 may be signifi-
cantly deformed. After removal of the force which causes
relattve movement, the sealing member 500, 1.e. having the
conventional adhesive layer, takes a significant period of time
tor the conventional adhesive layer 510 to return to 1ts original
shape. This behavior 1s due to the visco-elastic relaxation of
the adhesive layer 510. This visco-elastic relaxation can cause
a loss of accuracy, because the time-related force-coupling
between the two components being sealed causes uncertainty
in the relative position between the two components. It may
be difficult to determine and/or control the position of one or
both of the components to which the conventional sealing
member 500 1s attached.

The undesirable force coupling effect of a conventional
sealing member 500 may cause inaccurate exposure of a
substrate W. One or more overlay errors may occur. Charac-
teristic patterns in overlay errors that are attributable to the
conventional sealing member 500 may be seen 1n specific
step- and scan-directions. An embodiment of the mnvention
provides a sealing member, for example a construction of
sealing member 600, that addresses one or more of the force-
coupling problems, for example the time-related force-cou-
pling problem, set out herein.

FIG. 11 shows a sealing member 600 according to an
embodiment of the invention. The sealing member 600 has a
similar basic configuration to the conventional sealing mem-
ber 500 1n that it has an adhesive layer 610 and a sealing
portion 620. However, 1n an embodiment, the materials used
for the adhesive layer 610 and the sealing portion 620 are
selected to have one or more specific properties. These one or
more properties may help to reduce, or desirably eliminate,
the time-related force-coupling problem explained herein in
relation to FIGS. 9 and 10.

In an embodiment, the stifiness of the sealing portion 620
1s chosen to be significantly lower than that of the conven-
tional sealing portion 520 of the conventional sealing member
500. This can be achieved, for example, by using a thinner (1n
cross-section) sealing portion 620. In the embodiment shown
in FI1G. 11, the stifiness of the sealing portion 620 is reduced
compared to that of the conventional stainless steel sealing
portion 520 by having a lower Young’s modulus than the
conventional sealing portion 520. The Young’s modulus of
the conventional sealing portion 520 1s typically around 200
GPa. In an embodiment, the Young’s modulus of the sealing
portion 620 1s below or equal to 50 GPa. In an embodiment,
the Young’s modulus of the scaling portion 620 1s reduced to
below or equal to 40 GPa. In an embodiment, the Young’s
modulus of the sealing portion 620 1s reduced to below or
equal to 30 GPa. In an embodiment, the Young’s modulus of
the sealing portion 620 1s reduced to below or equal to 20
GPa. In an embodiment, the Young’s modulus of the sealing
portion 620 1s reduced to below or equal to 10 GPa. In an
embodiment, the Young’s modulus of the sealing portion 620
1s reduced to below or equal to 5 GPa. In an embodiment, the
Young’s modulus of the sealing portion 620 1s reduced to
around 2.5 GPa or below.
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To achieve the reduction 1n Young’s modulus 1n the sealing,
portion 620 1n comparison with the conventional sealing por-
tion 520 (which may be made of stainless steel) the sealing
portion 620 1s made from a plastic material or polymer. For
example, the sealing portion 620 could comprise or consist of
one or more of: polyimide, PET, PIFE, polyetheretherke-
tone, or polyaryletheretherketone. The sealing portion 620
may comprise or consist of a polysiloxane, such as dimeth-
ylsiloxane, and/or poly(dimethylsiloxane). One or more sili-
cone based polymers may be used. Desirably, any plastic
material or polymer used 1n the sealing portion 620 should
have a property of low rate of deterioration under the ntlu-
ence of contact with immersion liquid, for example purified
water, and/or of exposure to exposure radiation. Deterioration
may be by degradation, disintegration and/or leaching. A
material with a low or non-existent leaching rate, for example
leaching, may avoid adverse efiects resulting from the mate-
rial contaminating the immersion liquid, which may be, for
example, ultrapure water. By way of example only, the leach-
ing number may be less than 3.3x10™* p/(cm”s). The plastic
material may be a synthetic or semisynthetic organic amor-
phous solid material or a material that undergoes a non-
reversible change of shape 1n response to an applied force.

By using a sealing portion 620 with a reduced Young’s
modulus, a greater portion of any motion of one component
relative to the other component forming the gap 700 being
sealed 1s taken up, or accounted for, by deformation of the
sealing portion 620. This effect can be seen1n F1G. 12. In FIG.
12, there has been relative movement between the compo-
nents WT, 310 sealed by the sealing member 600 by a dis-
tance dx 1n the x-y plane. The distance dx may be observed by
comparing FIG. 11 with FIG. 12. In an embodiment, the
distance dx 1s the same as the relattve movement dx for the
conventional sealing member 500 1n FIG. 10. In an embodi-
ment the Young’s modulus of the sealing portion 620 1n the
sealing member 600 is selected to be similar to the Young’s
modulus of the adhesive layer 610, as shown i FIG. 12.
Therefore, the sealing portion 620 may experience significant
deformation 1n response to the movement dx. (In contrast, n
the conventional arrangement shown 1n FIG. 10, the stifiness
of the conventional sealing portion 520 1s relatively much
larger than that of the adhesive layer 510, and so the conven-
tional sealing portion 320 thus experiences relatively little
deformation).

As a result of the significant deformation of the sealing
portion 620 of the sealing member 600, when a certain force
1s applied to the sealing member 600 and a conventional
sealing member 500, the force, or stress, acting through the
adhesive layer 610 1s less than the force, or stress, acting
through the conventional adhesive layer 510. The lower force,
or stress, acting through the adhesive layer 610 means that,
for example, for a certain acceleration of the substrate table
WT to which the sealing member 600 and the conventional
sealing member 500 are attached, the deformation of the
adhesive layer 610 may be less than the deformation of the
conventional adhesive layer 510. The time taken for the adhe-
stve layer 610 as compared to the conventional adhesive layer
510 to return to 1ts original shape shown in FIG. 11 after
reduction, 1f not removal, of the force (for example that
caused the relative movement between the two components
WT, 310 by the distance dx) may be reduced. The deformed
sealing portion 620 experiences much less (or substantially
no) visco-elastic effect than the adhesive layer 610. This
property of the sealing portion 620 may assist in returning the
sealing member 600 to 1ts original shape shown 1n FIG. 11.
The sealing portion 620 may assist because the sealing por-
tion 620 will try to return to 1ts original shape more quickly
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than the adhesive layer 610, for example immediately. As a
result, the time-related force-coupling between the two com-
ponents 310, W'T sealed by the sealing member 600 1s
reduced as compared to a conventional sealing member 500.
The time over which the force transmission between the two
components WT, 310 sealed by the sealing member 600
occurs (1.e. the settling time of the adhesive layer 610) i1s
reduced. Thus, use of the sealing member 600 may help to
reduce the occurrence of overlay errors during exposure and
the magnitude of the errors.

FIG. 13 shows an arrangement of a conventional sealing
member 500'. This conventional sealing member 1s the same
as that shown 1n FIGS. 9 and 10, except in that the adhesive
layer 510 1s present 1n discrete portions 510a and 5105. The
discrete portions 510a, 5105 are located towards the ends of
the width of the conventional sealing member 500; that 1s the
areas ol overlap of the conventional sealing member 500 and
the surfaces of the two components which form the gap being
sealed. The discrete portions 510a, 5105 may attach the con-
ventional sealing member 500' to the two different compo-
nents forming the gap to be sealed. The arrangement suflers
from the undesirable time-related force-coupling effect dis-
cussed herein. The force coupling effect may occur because
of the visco-elastic deformation of at least one of the discrete
adhesive portions 5105, 510a.

FIG. 14 shows the deformation of the conventional sealing,
member 500" of FIG. 13 in response to a relative movement dx
in the x-y plane between the two components WT, 310 to
which the conventional sealing member 1s secured. Because
the conventional sealing portion 520' of the conventional
sealing member 500' 1s stiffer, for example much stiffer, than
the conventional adhesive portions 510a, 5105, 1t remains
relatively undeformed in response to the movement dx. Thus,
the conventional adhesive portions 510a, 5105 deform sig-
nificantly in response to the movement dx. Thus, in an analo-
gous way to the conventional sealing member 500 shown 1n
FIGS. 9 and 10, on removal of the force that causes 1n the
relattve movement dx, a time-related force-coupling effect 1s
generated by the deformation of the conventional adhesive
portions 510a, 5105. A delay 1n the components 310, W that
form the sealed gap 700 returning to their original positions,
as shown 1n FIG. 13, 1s caused. The delay 1n achieving the
original position 1s a result of the visco-elastic relaxation rate
of the conventional adhesive portions 510a, 5105. The time-
related force-coupling, and the associated delay, may lead to
overlay errors during exposure.

FIG. 15 shows a sealing member 600" according to an
embodiment of the invention. The sealing member 600' has
the same configuration as the conventional sealing member
500' shown 1n FIG. 13: the sealing member 600' comprises a
sealing portion 620' and adhesive portions 610a, 6105. The
adhesive portions 610a, 6105 are each arranged to attach, or
adhere, the sealing portion 620' to the surface of one of the
two components W1, 310 which form the gap 700, respec-
tively. The adhesive portions 610a, 6106 may be arranged
between the whole of the overlapping area between a surface
310, WT forming a gap 700 to be sealed and the sealing
portion 620'. Alternatively, the adhesive portions 610a, 6105
may be arranged between only a part of the overlapping area
between a surface 310, WT forming a gap 700 to be sealed and
the sealing portion 620'. In FIG. 15, an arrangement in which
the adhesive portions 610a, 6105 are arranged between only
a part of the overlapping area between a surface 310, WT
tforming a gap 700 to be sealed and the sealing portion 620" 1s
shown by the shaded area bounded 1n part by the dashed lines
611a, 6115. An arrangement in which the adhesive portions
610a, 61056 are arranged between only a part of the overlap-
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ping area may result in a reduction 1n the time-related force-
coupling of the adhesive portions 610a 6105 compared with
the arrangement 1n which the adhesive portions 610a, 61056
are arranged between the whole of the overlapping area. The
adhesive portions 610a, 61056 may be liquid impermeable 1n
at least some embodiments.

The sealing member 600' shown in FIG. 15 uses matenals
for the adhesive portions 610a, 6105 and the sealing portion
620' that are chosen to have one or more specific properties.
The one or more properties reduce, or desirably eliminate, the
time-related force-coupling problem explained herein 1n rela-

tion to the conventional sealing member 300" shown 1n FIG.
13.

The stifiness of the sealing portion 620' of the embodiment
shown 1n FI1G. 15 may be chosen to be significantly lower than
that of the conventional sealing portion 520', which may be
made of stainless steel. The lower stifiness may be achieved
by reducing the thickness of the sealing portion 620'. Addi-
tionally or alteratively, as with the sealing member 600
shown 1n FIG. 11, the stifiness may be reduced below that of
the conventional sealing portion 520' by reducing the Young’s
modulus. The comments made herein in relation to the value
of the Young’s modulus of the sealing portion 620 of the
sealing member described with reference to FIG. 11 may be
applicable to the value of the Young’s modulus of the sealing
portion 620' shown in the embodiment of FIG. 15. The sealing
portion 620' of FIG. 15 could be made from a similar material
to that of the sealing portion 620 of the sealing member 600
described 1n relation to FIG. 12. So the sealing portion 620
may comprise or consist of one or more of: polyimide, PET,
PTFE, polyetheretherketone, or polyaryletheretherketone.
The sealing portion 620 may comprise or consist o a polysi-
loxane, such as dimethylsiloxane, and/or poly(dimethylsilox-
ane). Additionally or alternatively the sealing portion 620
may comprise or consist of one or more silicone based poly-
mers.

The deformation of the sealing member 600" according to
the embodiment shown 1n FIG. 15 1n response to a relative
movement dx between the components 310, WT which form
the gap 700 and to which the sealing member 600' may be
attached, 1s shown in FIG. 16. FIG. 16 shows that, 1n contrast
to the conventional arrangement of FIG. 14, the sealing por-
tion 620' experiences a deformation, for example a significant
deformation, 1n response to the movement dx. The sealing
portion 620' has a stiflness (for example Young’s modulus)
that 1s similar (or more similar than conventionally) to the
adhesive portions 610a, 61056. As shown 1n FI1G. 16, the lower
stiffness of the sealing portion 620' results 1n a significant
reduction in the deformation of the adhesive portions 610a,
6105 as compared with the deformations of the conventional
adhesive portions 510a, 51056 of a conventional sealing mem-
ber 500', as shown in FIG. 14. As a result the time taken for the
components 310, WT to which the sealing member 600’ 1s
attached to return to their original position (after removal of
the force causing the movement dx) as compared to the use of
a conventional sealing member 500' 1s less. The use of the
sealing member 600' (of FIG. 15) has a smaller time-related
force-coupling effect than the sealing member 500'. As the
time related force coupling effect of the sealing member 600
and the conventional sealing member 500' 1s determined by
the respective adhesive portions 510a, 5105, 6104, 6105, the
visco-elastic relaxation time of the adhesive portions 610a,
6105 1s less than for the conventional adhesive portions 5104,
510b. Thus the time over which a force-coupling exists
between the components 310, WT forming the sealed gap 700
1s reduced. As such, as with the sealing member 600 as
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described herein with respect to FIGS. 10 and 11, the number
of overlay errors may be reduced and the size of each overlay
error may be reduced.

Improvements achieved by an embodiment of the inven-
tion 1n the time-related force-coupling between the two com-
ponents forming the sealed gap 700 may be by having a
sealing member 1n which the adhesive 1s provided at discrete
portions 610a, 6105 as well as a complete layer 610. Embodi-
ments described herein concerns arrangements 1n which the
adhesive 1s present 1in the form of part, if not a whole, layer. As
such, any feature described herein may be provided to
arrangements with an adhesive layer 610, or arrangements
with discrete adhesive portions 610a, 6105.

Additionally or alternatively, there may be relative move-
ment between the two components 310, WT forming the gap
700 sealed by the sealing member 1n a direction perpendicular
to the x-y plane, e.g. in the plane of the top surface of the
substrate table, and/or parallel to the optical axis of the pro-
jection system. The direction may be known as the z direc-
tion. The benefits discussed herein 1n relation to the sealing
members 600, 600' described 1n relation to FIGS. 11, 12, 15
and 16 may apply to relative movement 1n the z direction
between the two components 310, WT forming a gap sealed
by the sealing member 600, 600'. The response of the sealing,
members 500, 600, 500", 600' to such relative movement 1n
the z-direction 1s shown 1n FIGS. 17 to 20.

It will be appreciated that forces and/or relative movement
between the components W, 310 sealed by the sealing mem-
ber 600/600' may be lower, for example significantly lower, in
the z-direction than in the x-y plane. As such, the response of
the sealing member 600/600' to deformation and/or forces in
the z-direction may be less important than the response of the
sealing member 600/600' to deformation and/or forces 1n the
X-y plane.

FIG. 17 illustrates the deformation of the conventional
sealing member 500 with a conventional adhesive layer 510
and a conventional sealing portion 520. The undeformed
shape of this conventional sealing member 500 1s shown 1n
FI1G. 9. As shown 1n FIG. 17, relative movement dz 1n the 7
direction between the two components 310, WT forming the
sealed gap results 1n little or no deformation of the sealing
portion 520. A large deformation occurs 1n the conventional
adhesive layer 510. The noted deformations of the conven-
tional adhesive layer 510 and the conventional sealing mem-
ber 520 1s because the conventional sealing portion 520 has
much greater stiflness than the conventional adhesive layer
510. Because of the large deformation of the conventional
adhesive layer 510, the time-based force-coupling between
the two sealed components 310, WT occurs because of the
visco-elastic property of the conventional adhesive layer 510.
As a result there may be one or more difficulties in determin-
ing and/or controlling the position of one or both of the sealed
components being sealed. Consequently a positioning error
of the substrate during exposure may occur. Such an error
may, for example, relate to focusing error.

The response of a conventional sealing member 500" hav-
ing adhesive provided at discrete portions 310a, 5105, such as
shown 1n FIG. 13, to relative movement 1n the z direction of
the two components 310, WT sealed by a conventional seal-
ing member 500" 1s shown 1n FIG. 19. Because the conven-
tional sealing portion 520' 1s relatively much stiffer than the
conventional adhesive portions 310a, 3105, one or more of
the adhesive portions 510a, 5105 may experience a relatively
large deformation 1n response to the movement dz. Such
movement dz may lead to a similar time-related force-cou-
pling problem as described herein 1n relation to FIG. 17.
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FIG. 18 1llustrates the response of a sealing member 600
which may be shown 1n 1ts undeformed state, in FIG. 11. FIG.
18 shows the sealing member 600 deformed 1n response to
relative movement in the z direction of the two components
310, WT sealed by the sealing member 600. As shown in FIG.
18, because the stifiness of the sealing portion 620 and the
adhesive layer 610 1s similar, the movement dz 1s absorbed, or
accounted for, 1n both layers 610, 620. The deformation of the
visco-elastic adhesive layer 610 1s reduced in comparison
with the visco-elastic conventional adhesive layer 510 shown
in FIG. 17. The time-related force-coupling problem associ-
ated with the visco-¢elastic relaxation of the adhesive material
1s reduced in the adhesive layer 610 as compared to the
conventional adhesive layer 510. This, 1n turn, improves the
time-based positioning accuracy of the components 310, WT
forming the sealed gap 700.

FIG. 20 shows the deformation of the sealing member 600’
in response to relative movement 1n the z direction between
the two components 310, WT which form the gap 700. The
sealing member 600' 1s shown 1n 1ts undeformed state shown
in FIG. 15. As shown i FIG. 20, the sealing portion 620
experiences greater deformation than the stiffer conventional
sealing portion 520' 1n response to the relattve movement dz.
The response of the sealing portion 620' may be because the
stiffness of the sealing portion 620' 1s more similar to the
stiffness of adhesive portions 610a, 6105 than the stifiness of
the conventional sealing portion 520" 1s to the conventional
adhesive portions 510a, 5105. Consequently under applica-
tion of the same force 1n the z direction to the sealing member
600' and the conventional sealing member 500', there 1s less
deformation of the adhesive portions 610a, 6105 1n compari-
son to the conventional sealing portions 510a, 51056. The
time-based force-coupling between the two components 310,
WT sealed by the sealing member 600’ 1s less than 11 the two
components were sealed by the conventional sealing member
500'.

In an embodiment, the stifiness of the sealing portion 620
may be chosen to be in the range of from 2% to 200% of (1.¢.
a factor 01 0.02 to 2 times) the stifiness of the adhesive 610. In
an embodiment, the stifiness of the sealing portion 620 may
be chosen to be 1n the range of from 5% to 100% of (1.e. a
factor of 0.05 to 1 times) the stifiness of the adhesive 610. In
an embodiment, the stifiness of the sealing portion 620 may
be chosen to be 1n the range of from 10% to 50% of (1.e. a
factor of 0.1 to 0.5 times) the stiflness of the adhesive 610.

The Young’s modulus of the sealing portion 620 may be
chosen to be no more than 5x10° times (i.e. 5x107% of) the
Young’s modulus of the adhesive 610. In an embodiment, the
Young’s modulus of the sealing portion 620 may be chosen to
be in the range of from 1x10° to 1x10° times (i.e. 1x10°% to
1x107’% of) the Young’s modulus of the adhesive 610. In an
embodiment, the Young’s modulus of the sealing portion 620
may be chosen to be in the range of from 2x10° to 5x10™ times
(i.e. 2x10°% to 5x10°% of) the Young’s modulus of the
adhesive 610. In an embodiment, the Young’s modulus of the
sealing portion 620 may be chosen to be around 1x10% (i.e.
1x10°% of) the Young’s modulus of the adhesive 610. This
can be achieved by, for example, having the sealing portion
620 comprising or consisting of a suitable plastic material or
polymer, such as polyimide, PET, PTFE, polyetheretherke-
tone, and/or polyaryletheretherketone. The sealing portion
620 may comprise a polysiloxane, such as dimethylsiloxane,
and/or poly(dimethylsiloxane). Additionally or alternatively,
the sealing portion 620 may comprise or consist of at least one
silicone based polymer.

In an embodiment, the time-related force-coupling effect
resulting from the visco-elasticity of the adhesive layer 610
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may additionally or alternatively be improved. For example,
the time over which the force-coupling occurs due to visco-
clastic settling may be reduced. The improvement may be
achieved by reducing the damping, for example the damping
constant or viscous damping coelficient, of the adhesive 610. 5
In an embodiment, the viscous damping coefficient of the
adhesive is less than or equal to 5x10° Ns/m. In an embodi-
ment, the viscous damping coellicient of the adhesive 1s less
than or equal to 2x10° Ns/m. In an embodiment, the viscous
damping coetlicient of the adhesive 1s less than or equal to 10
1x10° Ns/m. In an embodiment, the viscous damping coeffi-
cient of the adhesive is less than or equal to 5x10° Ns/m. In an
embodiment, the viscous damping coetlicient of the adhesive
is less than or equal to 2x10° Ns/m. In an embodiment, the
viscous damping coelilicient of the adhesive 1s less than or 15
equal to 1x10° Ns/m. The viscous damping coefficient may
be lower than the viscous damping coetlicient of the adhesive
510 used 1n an conventional sealing member 500. The adhe-
stve 610 may comprise an acrylic adhesive. An acrylic adhe-
stve may comprise an acrylic polymer. The acrylic polymer 20
may have UV cross-linkings. The acrylic polymer may have
an acryl group (which may have the structure [R—C(=0)—
CH—CH-—R]). Alternatively or additionally, the adhesive
610 may comprise a silicone adhesive. The silicone adhesive
may comprise a compounded solution of polydimethyl silox- 25
ane gum and/or resin. The solution may be diluted in toluene.

By using an adhesive with a lower viscous damping coel-
ficient than 1s conventional, the settling time of the adhesive
(for example the adhesive layer 610 or the adhesive portions
610a, 6100) 1s reduced. The force coupling (or force transier) 30
between the two components forming the gap being sealed
may occur over a reduced time period. The time reduction
may help to reduce the time-based force-coupling between
the two components 310, W'T forming the sealed gap. A
reduction in the time-based force-coupling between the com- 35
ponents 310, WT forming the gap 700 may help to reduce the
errors (for example overlay errors) resulting from the time-
based force-coupling.

FIG. 26 shows predicted results produced using various
values of stiflness (K) of sealing portion 620, and various 40
different viscous damping coelficients of the adhesive layer
610 of a sealing member 600. The predicted results are based
on a computer simulation. The graph shows the impact of
these parameters on the settling time of the adhesive. For the
purposes of FIG. 26 at least, the settling time 1s defined to the 45
time taken for a gap 700 that 1s sealed to return to within a
certain percentage, or distance, of its original size alter a
displacing force 1s removed. For example, the settling time
may be defined as the time taken for the width of the gap to
return to within 0.1 nm of 1ts original wadth. 50

As shown by the dashed line (K=1.82x10" GPa) in FI1G. 26,
if the stifiness (K) of the sealing portion 620 1s reduced below
conventional levels (for example 1n the manner described
herein), the settling time of the adhesive 1s greatly reduced for
all viscous damping coellicients. However, the solid and dot- 55
chain lines (representing K=1.82x10® GPa and K=1.82x10”
GPa respectively) show that for higher sealing portion 620
stiffness, the settling time can be increased to between 2 and
3 minutes depending on the viscous damping coellicient of
the adhesive layer 610. Thus, FIG. 26 clearly illustrates that 60
both stiffness (K) of sealing portion 620 and viscous damping,
coellicient of the adhesive layer 610 have a significant impact
on the settling time of the adhesive. However, 1t will be
appreciated that values (for all parameters) other than those
shown 1n FIG. 26 may be used. 65
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may additionally or alternatively be improved. For example
the time over which the force-coupling occurs due to visco-
clastic settling may be reduced. The improvement may be
achieved by providing adhesive 610 (for example as an adhe-
stve layer 610) with aYoung’s modulus of greater than 1 MPa,
desirably greater than or equal to 2 MPa. For example, the
Young’s modulus of the adhesive 610 may be 1n the range of
from 1 MPa to 500 MPa. For example, the Young’s modulus
of the adhesive 610 may be in the range of from 2 MPa to 200
MPa. For example, the Young’s modulus of the adhesive 610
may be in the range of from 5 MPa to 100 MPa. For example,
the Young’s modulus of the adhesive 610 may be in the range
of from 10 MPa to 50 MPa. By providing an adhesive with a
suitable Young’s modulus (for example in a range above), the
amount of deformation of adhesive 610 in response to a given
relative movement between the two components being sealed
may be reduced. For example, the relative motion may be
reduced because a greater proportion of the relative move-
ment 1s experienced, or absorbed, by the plastic material or
polymer sealing portion 620. The plastic material or polymer
sealing portion 620 may experience visco-elastic relaxation
over a shorter period of time than the adhesive 610. Thus the
time-related force-coupling may be reduced.

An adhesive suitable for providing the desired Young’s
modulus may comprise an acrylic adhesive. An acrylic adhe-
stve may comprise an acrylic polymer. The acrylic polymer
may have UV cross-linkings. The acrylic polymer may have
an acryl group (which may have the structure [R—C(=—0)—
CH—CH—R]). Alternatively or additionally, the adhesive
610 may comprise a silicone adhesive. The silicone adhesive
may comprise a compounded solution of polydimethyl silox-
ane gum and/or resin. The solution may be diluted 1n toluene.

It will be understood that any of the sealing members 600,
600' described herein may be flexible. The degree of flexibil-
ity (which may be expressed as the Young’s modulus) is
determined by the construction and/or materials used for the
sealing member 600, as described herein. This flexibility
affects the force coupling (both 1n terms of magnitude and
duration) between the two components forming the gap 700
being sealed.

The sealing members 600, 600' described herein may be
replaceable. This means that they may be removed, for
example, 1n a non-limiting list, to enable a particular compo-
nent to be removed, during maintenance, to be replaced or a
combination of these purposes. After removing the sealing
member 600, 600, the same sealing member 600, 600' may be
replaced when the apparatus 1s rebuilt. Alternatively, the seal-
ing member 600, 600' may be discarded and another sealing
member 600, 600" may be used 1n 1ts place when the apparatus
1s rebuilt. The sealing member may be disposable.

As described herein, the sealing member 600, 600" 1s a
form of a sheet and may be a removable member which may
be used to cover, or to bridge, a gap between surfaces. Addi-
tionally or alternatively, the sheet member may be removable.
The sheet member may be used to provide or repair a surface
property, for example a specific contact angle.

A member, referred to as a surface member, which 1s struc-
turally similar to a sealing member 600, 600' according to an
embodiment of the invention, may cover a surface of at least
one component of a lithographic tool, for example 1n an
immersion system. The surface member may provide the
surface ol a component with a specific property, for example
surface contact angle with respect to immersion liquid, or UV
resistance. In an embodiment the surface being covered has
none of the physical properties provided by the surface mem-
ber. The surface member thus provides the property to the
surface to which 1t 1s applied. In an embodiment, the surface
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may have one or more of the properties provided by the
surface member. In an embodiment the surface covered by the
surface member already has a surface member providing one
or more physical properties. The existing surface may have
deteriorated, for example degraded or disintegrated. The sur-
face member to be applied may serve as repair patch. The
repair patch may cover the damaged surface or may replace an
existing surface member, which 1s removed before the repair
patch 1s applied. The surface member serving as arepair patch
could be used to repair a damaged coating with a specific
contact angle, for example on a surface, such as the top
surface of a table, e¢.g. a substrate table away from a substrate
holder. The surface provided by the member may be exposed
to the immersion liquid, for example water such as ultra-pure
water, the exposure radiation, or both. A surface exposed to
such an environment, for example on repeated occasions,
such as a sensor on the substrate table, may deteriorate after a
period of time. It 1s desirable that deterioration of the member
1s reduced if not prevented. This may extend the lifetime of
the member increasing the duration of use and the intervals at
which the member should be removed to be replaced.

In the following description, as an embodiment of the
invention may cover at least a part of a surface, the sealing
portion 620 1s referred to as a covering portion 620, the
sealing member 600, 600' 1s referred to a surface member 600,
600" as 1t provides a new surtace to the surface being covered.

In the embodiment described above 1n relation to FIGS. 11,
12,15, 16, 18 and 20, the covering portion 620 of the surface
member 600, 600' may be made from a plastic material or
polymer. In the immersion lithographic apparatus, the surface
member 600, 600' may be exposed to DUV radiation (radia-
tion with the wavelength 1n the range of from 126 nm to 365
nm, for example 150 nm to 300 nm, for example 157 nm, 180
nm to 200 nm (for example 193 nm) and/or 248 nm).

A typical plastic material or polymer may be transparent to
DUYV radiation (i1.e. may transmit DUV radiation). The DUV
radiation may react adversely with the adhesive 610. Delami-
nation of the surface member 600, 600' could result. For
example the covering portion 620 may become detached from
the adhesive layer 610. The adhesive layer 610 may become
detached from the surface to which it 1s adhered. Thus, 1n an
embodiment, the covering portion 620 i1s opaque to DUV
radiation.

The plastic material or polymer used 1n the covering por-
tion 620 may react adversely with DUV radiation 11 it 1s not
adequately protected. For example, the plastic material or
polymer may be structurally damaged by exposure to DUV
radiation. This may result 1n increased leaching of the plastic
material or polymer. The surface contact angle with respectto
the immersion liquid of a plastic material may decrease after
reacting with DUYV radiation. In an embodiment a lyophobic
surface may become more lyophilic, or even lyophilic. It may
be undesirable for the surface member 600, 600' to have a
lyophilic surface. A surface with a certain lyophilicity relative
to another may more readily retain immersion liquid than the
other surface. A surface which more readily retains liqud
may lead to a greater chance of a droplet remaining on the
surface. The droplet can evaporate applying a heat load,
applying at least one force to the surface, causing the surface
to distort. The liquid 1n the droplet may contain impurities
and/or a particle, which may be left on the surface after the
droplet evaporates. A droplet may be in the path of a liqud
confinement structure. The droplet may collide with a menis-
cus between the liquid confinement structure 12 and the sur-
face of the surface member on which the droplet 1s situated.
Such a collision could generate a bubble 1n the immersion
liquid confined 1n the liquid confinement structure 12. Such a
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bubble may later be located 1n the path of radiation from the
projection system to a target portion of a substrate W.

It 1s therefore additionally or alternatively desirable for the
covering portion 620 to be resistant to DUV radiation and/or
to prevent the DUV radiation being incident on the plastic
material or polymer of the covering portion 620.

According to an embodiment of the invention, the covering
portion 620 1s constructed as shown 1n FIG. 21. The covering
portion 620 comprises three different layers: a layer 621 of
plastic material or polymer, a transmission reduction layer
622 and a contact angle layer 623.

As noted herein, the layer 621 of plastic material or poly-
mer may be, for example, polyimide, PET, PTFE, polyethere-
therketone, polyaryletheretherketone, and/or polysiloxane.
The layer 621 of plastic material or polymer may have a
thickness 1n the range of from 2 um to 50 um, 1n the range of
from 3 um to 30 um, in the range of from 5 um to 20 um, for
example around 10 um. The layer 621 of plastic material or
polymer, 1n this embodiment, 1s formed adjacent to, for
example attached to or adhered to, the adhesive 610.

The adhesive 610 may be a continuous layer 610 of adhe-
stve, such as that shown 1n FIG. 11. Alternatively, the adhe-
stve 610 may only be formed on discrete areas of the covering
portion 620 so as to enable 1t to be fixed to the surfaces
forming the gap being sealed. Such an arrangement of adhe-
stve 610 1s shown 1n FIG. 15.

In the embodiment of FIG. 21, on a surface, for example a
top surface, of the layer 621 of plastic matenal or polymer 1s
a layer 622. The layer 622 may be on the surface of the layer
621 of plastic material or polymer which 1s opposite to the
surface of the layer 621 to which the adhesive 610 1s present.
The layer 622 serves to reduce the transmission of DUV
radiation incident on the layer 621 of plastic material or
polymer, for example 1n comparison with an embodiment in
which the layer 622 it 1s not present. Therefore, the layer 622
may be referred to as a transmission reduction layer 622.
Desirably, the transmission reduction layer 622 helps to
reduce, 1f not eliminate, the transmission of DUV radiation to
the layer 621 of plastic material or polymer. In an embodi-
ment, 1 use, the transmission reduction layer 622 1s between
the DUV radiation source and both (1) the layer 621 of plastic
materal or polymer, and (11) the adhesive 610. In this location
the transmission reduction layer 622 helps to protect (1) the
layer 621 of plastic maternial or polymer, (11) the adhesive 610
or (111) both the layer 621 and the adhesive 610 from DUV
degradation. For example, it may act to reduce the rate, 11 not
the occurrence, ol deterioration of the layer 621 of plastic
material or polymer, adhesive 610, or both, that may occur
due to DUV exposure. The deterioration may be leaching of
a material into the immersion liquid, degradation (and even
disintegration) as a consequence of interaction with UV
radiation, perhaps 1n combination with an interaction with the
immersion liquid, for example ultra pure water, or a combi-
nation of these deterioration processes. In some embodi-
ments, the transmission reduction layer 622 may have an
optical density of 4 (i.e. a transmission of less than 0.0001).
The transmission reduction layer 622 may be opaque to
DUYV radiation by being absorptive of DUV radiation. The
transmission reduction layer 622 may alternatively or addi-
tionally be retlective to DUV radiation, and may optionally
have an anti-retlective coating. A transmission reduction
layer 622 may be formed by an organic, or an 1norganic
material. In an embodiment, chromium or titanium 1s used.
The thickness of the transmission reduction layer 622 may
typically be 1n the range of from 1 nm to 200 nm so that 1t 1s
opaque to DUV radiation. Desirably the thickness of the
transmission reduction layer 622 may be 1n the range of from
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3 nm to 100 nm. In an embodiment the thickness of the
transmission reduction layer 622 may be 1n the range of from
10 nm to 50 nm. In an embodiment the transmission reduction
layer 622 has a thickness 1n the range of from 20 nm to 40 nm
so that 1t1s opaque to DUV radiation. The transmission reduc-
tion layer 622 may be in the range of from 25 nm to 30 nm in
thickness. If the transmission reduction layer 622 1s metallic,
then the layer may be, for example, less than or equal to 200
nm, less than or equal to 50 nm, or less than or equal to 30 nm.
It 1s desirable for the transmission reduction layer 622 to be
thin so as maintain the stiffness of the covering portion 620. In
an embodiment, the transmission reduction layer 622 does
not significantly increase the stifiness of the covering portion
620.

In the embodiment of the surface member as shown 1n FIG.
21, the transmission reduction layer 622 1s substantially un-
transmissive to DUV radiation. The transmission reduction
layer 622 has a contact angle layer 623 on 1ts upper surface.
The contact angle layer 623 may form an upper surface of the
covering portion 620 (i.e. the surface exposed to the radiation
and the surface which may contact immersion liquid). The
contact angle layer 623 may have a surface to which immer-
sion liquid has a contact angle relative to certain value, a
specific range, or even a specific value. In an embodiment the
liquid has a contact angle which 1s greater than or equal to a
certain value. The contact angle layer 623 may have a reced-
ing contact angle of greater than or equal to 50 degrees,
greater than or equal to 60 degrees, greater than or equal to 70
degrees or greater than or equal to 80 degrees. In an embodi-
ment the contact angle layer 623 has a static angle which 1s
greater than or equal to 90 degrees. Such a surface may be
considered lyophobic. This may mean that the surface is
relatively lyophobic, for example lyophobic relative to
another surface. (The term lyophobic may be considered to
have the same meaning as liquidphobic and as used herein
includes the term hydrophobic).

In an embodiment, the contact angle layer 623 as shown
FIG. 21 may be transmissive, or substantially transmissive, to
DUYV radiation. The contact angle layer 623 may comprise
poly(dimethylsiloxane) for example dimethylsiloxane as
described in United States Patent Application Publication No.
US 2009-0206304 which 1s hereby incorporated by reference
in 1ts entirety. In an embodiment contact angle layer 623 may
be resistant to DUV radiation. The contact angle layer 623
may have a thickness 1n the range of from 0.5 nm to 2000 nm,
in the range of from 2 nm to 1000 nm, 1n the range of from 10
nm to 500 nm, in the range of from 50 nm to 200 nm, or 1n the
range of from 75 nm to 100 nm.

The contact angle layer 623 helps to ensure that the immer-
s1on liquid (for example the water such as ultrapure water) 1s
repelled away from the surface of the surface member 600,
600'. The immersion liquid moves away from (1.e. does not
remain on) the surface of the surface member 600, 600'. The
contact angle layer 623 helps to reduce the risk of a disad-
vantageous outcome that may be caused by a droplet remain-
ing on the surface of the surface member 600, 600'. Such an
outcome may be staining of the surface of the surface member
for example caused by evaporation of liquid on the surface,
thermal deformation of the surface member 600, 600' due to
evaporation of liquid on the surface member 600, 600', and/or
inclusion of gas bubbles 1n the immersion liquid 1n the space

11.
An embodiment of the surface member 600, 600' 1s shown

in FI1G. 22. The surface member 600, 600' may have the same
or similar functionality to the surface member 600, 600
shown 1n FIG. 21. The surface member 600, 600' of FIG. 22

has an adhesive layer 610 and a covering portion 620. The
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covering portion 620 has a layer 624 that has low, or substan-
tially no, transmission of DUV radiation (also referred to as a
transmission reduction layer 624) and a contact angle layer
625 of plastic material or polymer.

The transmission reduction layer 624 has low, or substan-
tially no transmission of DUV radiation (hereinafter referred
to as being opaque to DUV radiation). The transmission
reduction layer 624 1s provided so as to be present on the
adhesive 610. In use, the transmission reduction layer 624 1s
between the adhesive 610 and the DUV radiation source. The
transmission reduction layer 624 is in contact with the adhe-
stve 620. The adhesive 620 may or may not be in the form of
a layer. The transmission reduction layer 624 may have the
same properties, comprise the same material, or both, as the
equivalent transmission reduction layer 622 described herein.
The thickness of the transmission reduction layer 624 1s in the
range of from 0.1 um to 15 um, 1n the range of from 1 um to
10 um, 1n the range of from 2 um to 4 um, or desirably around
3 um.

On a surface, for example the top surface, of the transmis-
s1on reduction layer 624 there 1s formed a contact angle layer
625 of plastic material or polymer (which herein 1s referred to
as a contact angle layer 6235). In an embodiment as shown 1n
FIG. 22, the contact angle layer 625 1s a plastic maternal or
polymer as 1s layer 621 described herein. As well as being
plastic matenal or polymer, the contact angle layer 625, like
the contact angle layer 623 described herein, has a contact
angle property with respect to immersion liquid and which 1s
resistant to DUV radiation. Even though the DUV radiation
may be incident upon the contact angle layer 625 which 1s a
plastic material or polymer, because 1t 1s resistant to such
DUYV radiation, there 1s little or no deterioration, for example
degradation, disintegration, leaching or a combination of
these which 1s seen 1n the layer 621 111t were exposed to DUV
radiation. The relatively high contact angle, for example the at
least relative lyophobicity, of the contact angle layer 625
helps to ensure that immersion liquid (for example water such
as ultra pure water) 1s repelled from the covering portion 620.
As shown 1n FIG. 22, 1n an embodiment the surface, e.g.
upper surface, of the surface member 600, 600' that contacts
the immersion liquid and 1s exposed to the DUV radiation
during use, 1s formed by the contact angle layer 625.

A suitable material for the contact angle layer 6235 (which
may be lyophobic, desirably hydrophobic) of plastic or poly-
mer material may be a polysiloxane. A polysiloxane may be,
for example, dimethylsiloxane, or poly(dimethylsiloxane) as
described 1n United States Patent Application Publication No.
US 2009-0206304 which 1s hereby incorporated by reference
in 1ts entirety. A typical thickness of the contact angle layer
625 ol plastic or polymer material may be 1n the range of from
0.5 nm to 2000 nm, in the range of from 2 nm to 1200 nm, 1n
the range of from 10nm to 500 nm, in the range of from 50 nm
to 200 nm, or 1n the range of from 75 nm to 100 nm.

FI1G. 23 shows an embodiment of surface member 600,
600" according to an embodiment of the invention. In the
embodiment the surface member 600, 600' has an adhesive
610 and a covering portion 620. The adhesive 610 may or may
not be in the form of a layer. The covering portion 620 com-
prises a lyophobic plastic material or polymer layer 626,
herein after referred to as a surface layer 626. The surface
layer 626 may be a single layer; the covering portion may
have a single constituent layer which 1s the surface layer 626.
The surface layer 626 may have two major surfaces; the
adhesive 1s present on one of the major surfaces of the surface
layer 626 and the other major surface forms a surface of the
covering portion 620 (and thus the surface member 600,
600"). The surface of the covering portion 620 1n use contacts
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immersion liquid and 1s a part of the covering portion through
which incidental DUV radiation generally first passes.

In an embodiment the surface layer 626 may be made of a
plastic material or polymer. The surface layer 626 may be
both resistant to DUV radiation and help to reduce the trans-
mission of DUV radiation. In an embodiment the surface
layer 626 1s opaque to DUV radiation. By virtue of being
resistant to DUV radiation, the surface layer 626 does not
degrade as a consequence of exposure to DUV radiation. By
virtue of reducing the transmission of DUV radiation, or even
being opaque to DUV radiation, the surface layer 626 helps to
reduce or even helps to prevent the adhesive 610 being
exposed to DUV radiation. By reducing or preventing the
exposure of the adhesive 610 to DUV radiation, the adverse
elfects ol exposing the adhesive 610 to DUV radiation may be
reduced, even prevented.

In the embodiments described herein, the transmission
reduction layer 622, the transmission reduction layer 624, and
the surface layer 626 that each help to reduce the transmission
of DUV radiation therethrough may retlect, absorb or both
reflect and absorb the DUV radiation. These layers 622, 624,
626 may be opaque to DUV radiation by reflecting and/or
absorbing DUV radiation. Optionally, a layer which reduces
the transmission of DUV radiation (e.g. the transmission
reduction layers 622, 624, and surface layer 626) may com-
prise an anti-reflective coating. As noted above 1n relation to
the transmission reduction layer 622, any of the layers 622,
624, 626 may act, as appropriate, to help protect one or more
other layers, which may comprise (1) plastic material or poly-
mer and/or (1) adhesive, from DUV degradation. For
example, the layer may act to reduce the usual increase 1n
deterioration (e.g. leaching, degradation, or disintegration) of
the plastic material or polymer present 1n a layer that may
occur due to DUV exposure. In an embodiment the transmis-
s1on reduction layers 622, 624 and the surface layer 626 may
have an optical density of 4 (1.e. a transmission of less than
0.0001).

In order to produce a layer that absorbs DUV radiation,
DUYV radiation absorbing particles may be incorporated into
a material forming a layer. The particles may, for example, be
T10 and Ta,O-. The dimensions of the particles may be nano-
scale, for example 1n the range of from 1 to 100 nm, less than
or equal to 50 nm, or less than or equal to 10 nm. In an
embodiment, the particles are incorporated into the surface
layer 626. The DUV radiation absorbing particles may absorb
the DUV radiation without influencing the contact angle
interaction properties of the surface layer 626.

A suitable base material to which the DUV radiation
absorbing particles are present for example 1n the surface
layer 626 may be the same as the material present 1n the
contact angle layer 625, for example a polysiloxane, such as
dimethylsiloxane, or poly(dimethylsiloxane).

An embodiment of the surface member 600, 600' 1s shown
in FIG. 27. The surface member 600, 600' shown 1n FIG. 27
may have the same or similar purpose to the surface member
600, 600' shown 1n FIGS. 21, 22 and 23.

The covering portion 620 of the surface member 600, 600’
shown 1n FIG. 27 has a layer 628 of plastic material or poly-
mer. The covering portion 620 of the surface member 600,
600' shown in FIG. 27 has a transmission reduction layer 629.
The transmission reduction layer 629 1s on the layer 628 of
plastic material or polymer. The covering portion 620 of the
surface member 600, 600' shown 1in FIG. 27 has a further
transmission reduction layer 627. The layer 628 of plastic
material or polymer 1s on the further transmission reduction
layer 627. The covering portion 620 of the surface member
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contact angle layer 630 1s on the upper surface of the trans-
mission reduction layer 629. During manufacture, a layer
may be formed on a pre-existing adjacent layer.

Some embodiments may not include all of the layers 627,
628, 629, 630 of the covering portion 620. For example, an
embodiment may omit the contact angle layer 630.

The construction of at least some of the layers of the sur-
tace member 600, 600' shown 1n FIG. 27 may be similar to, or
the same as, the construction of equivalent layers of the sur-
face member 600, 600' shown in FIG. 21. In particular, each
of the embodiment of FIG. 21 and the embodiment of FIG. 27
has an adhesive (for example an adhesive layer) 610 on which
a covering portion 620 1s formed.

The layer 628 of plastic material or polymer of the embodi-
ment shown 1n FIG. 27 may be similar to, or the same as, the
layer 621 of plastic material or polymer 1n the embodiment of
FIG. 21. At least part, 1f not all, of the description herein
relating to the properties (for example dimensions and/or
materials and/or mechanical properties) of the plastic mate-
rial or polymer layer 621 of the embodiment shown 1n FIG. 21
may apply to the layer 628 of plastic maternial or polymer in
the embodiment of FIG. 27. By way of example, the layer 628
of plastic material or polymer shown in FIG. 27 may comprise
polyetheretherketone and/or polyimide. By way of example,
the thickness of the layer 628 of plastic material or polymer in
the embodiment shown in FIG. 27 may be on the order o1 8 to
10 um. However, it 1s emphasized that some, i not all, of the
ranges ol dimensions, and examples of materials, described
above 1n relation to the layer 621 of plastic material or poly-
mer shown 1n FIG. 21 may apply to the layer 628 of plastic
material or polymer shown in FIG. 27.

The transmission reduction layer 629 shown 1n the embodi-
ment of FIG. 27 may have properties (for example dimen-
s1ons and/or materials and/or mechanical properties) that are
similar to, or the same as, the transmission reduction layer
622 of the embodiment shown 1n FIG. 21. At least part, if not
all of, the description (1n terms of, for example, the dimen-
s1ons and/or materials and/or properties) of the transmission
reduction layer 622 provided herein in relation to the embodi-
ment of F1G. 21 may apply to the transmission reduction layer
629 of the embodiment shown 1n FIG. 27.

By way of example, the transmission reduction layer 629
of the embodiment shown 1n FIG. 27 may comprise or consist
of chromium and/or titanium. The transmission reduction
layer 629 may be a metal layer 629, which may be referred to
as a lirst metal layer 629. The metal layer 629 may be a
metallization layer formed on the layer 628 of plastic material
or polymer. In an embodiment, the transmission reduction
layer 629 of the embodiment shown in FIG. 27 may be a
chromium layer. In an embodiment the transmission reduc-
tion layer 629 shown in the embodiment of FIG. 27 may have
a thickness in the range of from 60 nm to 75 nm. In an
embodiment, the transmission reduction layer 629 of the
embodiment shown 1n FIG. 27 may be a chromium layer with
a thickness on the order of 60 nm. However, a part, 1f not all,
of the description herein relating to the transmission reduc-
tion layer 622 of the embodiment shown 1n FIG. 21 (1n terms,
for example, of the mechanical properties, dimensions, and
materials) may apply to the transmission reduction layer 629
of the embodiment shown 1n FIG. 27.

The contact angle layer 630 of the embodiment shown 1n
FIG. 27 may be similar to, or the same as, the contact angle
layer 623 of the embodiment shown 1n FIG. 21 (for example
dimensions and/or materials and/or mechanical properties).
A part, 1f not all, of the description herein relating to the
contact angle layer 623 of the embodiment shown 1n FIG. 21
may apply to the contact angle layer 630 of the embodiment
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shown 1n FI1G. 27. By way of example, the contact angle layer
630 of the embodiment shown i1n FIG. 27 may comprise
poly(dimethylsiloxane) for example dimethylsiloxane. For
example, the thickness of the contact angle layer 630 of the
embodiment shown 1n FIG. 27 may be on the order o1 200 nm.
However, these dimensions and materials are by way of
example. Part, or all, of the description relating to the contact
angle layer 623 of the embodiment shown in FIG. 21 may
apply to the contact angle layer 630 of the embodiment shown
in FIG. 27.

The covering portion 620 of the surface member 600, 600’
shown 1n FIG. 27 may have a further transmission reduction
layer 627. The further transmission reduction layer 627 1s 1n
addition to the transmission reduction layer 629 described
above. The further transmission reduction layer 627 may be
positioned below the layer 628 of plastic maternial or polymer.
The further transmission reduction layer 627 may be on the
opposite surface (for example major surface) of the layer 628
of plastic material or polymer to the transmission reduction
layer 629. The layer ol plastic material or polymer 628 may be
positioned between the two transmission reduction layers
627, 629.

The further transmaission reduction layer 627 may have
properties (for example dimensions and/or materials and/or
mechanical properties) that are similar to, or the same as, the
transmission reduction layer 629. At least part, i not all, of
the descrlptlon herein relating to the properties (for example
dimensions and/or materials and/or mechanical properties) of
the transmission reduction layer 622 of the embodiment
shown 1n F1G. 21 may apply to the further transmission reduc-
tion layer 627 of the embodiment shown 1n FIG. 27, except as
described otherwise herein.

In an embodiment, the further transmission reduction layer
627 comprises a metal. In an embodiment, the further trans-
mission reduction layer 627 1s a metal layer, for example a
metallization layer on the layer 628 of plastic material or
polymer. Both the further transmission reduction layer 627
and the transmission reduction layer 629 may be metal layers,
for example metallization layers. In that case, the further
transmission reduction layer 627 may be referred to as the
second metal layer, and the transmission reduction layer 629
may be referred to as the first metal layer.

In an embodiment, the further transmission reduction layer
627 may comprise titanium and/or chromium. In an embodi-
ment, the further transmission reduction layer 627 may be a
chromium layer. In an embodiment, the thickness of the fur-
ther transmission reduction layer 627 may be 1n the range of
from 60 nm to 75 nm. One or more of the properties (for
example the dimensions, and/or the matenals, and/or the
mechanical properties) of the further transmission reduction
layer 627 of the embodiment shown in FI1G. 27 may be similar
to, or the same as, the transmission reduction layer 622 of the
embodiment shown 1n FIG. 21. Thus, all of the dimensions,
properties, and materials described herein 1n relation to the
transmission reduction layer 622 of the embodiment shown in
FIG. 21 may apply to the further transmission reduction layer
627 of the embodiment shown 1n FIG. 27.

In the embodiment shown 1n FIG. 27, the sealing member
600, 600' comprises an adhesive 610 (e.g. as an adhesive
layer). The properties (1or example the dimensions, and/or the
materials, and/or the mechanical properties) of the adhesive
610 are may be the same as the properties of the adhesive 610
described elsewhere 1n this description for example 1n rela-
tion to the embodiments shown 1n FIGS. 21, 22 and 23. In an
embodiment, the thickness of the adhesive 610 of the embodi-
ment shown 1n FIG. 27 may have a dimension which 1s 1n the
order of magnitude of 10 um, desirably about 10 um.
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The further transmission reduction layer 627 (which may
be referred to as a second metal layer or, as explained below,
a stabilizing layer) may be positioned in the surface member
600, 600' between the layer 628 of plastic material or polymer
and the adhesive 610. The covering portion 620 may be
secured (e.g. attached) to the adhesive 610 via the further
transmission reduction layer 627. The adhesive 610 may be
formed or bonded (and therefore adhered) to the covering
portion.

The presence of the further transmission reduction layer
627 between the layer 628 of plastic material or polymer and
the adhesive 610 1n the surface member 600, 600" may be
desirable during manufacture, or construction, of the surface
member 600, 600'. During manufacture of the surface mem-
ber 600, 600, the transmission reduction layer 629 1s applied
to the layer 628 of plastic maternial or polymer. This may be
achieved, for example, by vapor deposition, for example
depositing metal particles on the layer 628 of plastic material
or polymer to form the transmission reduction layer 629
(which process may be referred to as metallization).

During application of the transmission reduction layer 629
to the layer 628 of plastic material or polymer, stress (for
example torsional forces) may build up 1n and/or between the
layers. For example, there may be thermal stress produced
during the application of the transmission reduction layer 629
to the layer 628 of plastic material or polymer.

The layer 628 of plastic maternial or polymer may have
suificiently low stifiness that the typical thermal stress pro-
duced during this process (which may nevertheless only be
relatively small thermal stress) can cause deformation (for
example twisting and/or bending) of the layer 628 of plastic
material or polymer 11 1t 1s not suiliciently supported. This can
lead to deformation (for example twisting and/or bending) of
the entire surface member 600, 600'. Such deformation may
be, for example, during manufacture. I a single transmission
reduction layer 629 1s applied to the layer 628 of plastic
material or polymer, without suificient support, the resulting,
surface member 600, 600" may be difficult to handle. For
example, 1t may be difficult to keep the seal member 600, 600
flat (or substantially flat), as may be required for application
to a surface.

The stress between the layers of the surface member 600,
600' may alternatively or additionally lead to deformation (for
example twisting and/or bending) of the surface member 600,
600' during use. For example, dynamic forces exerted on the
surface member 600, 600' could cause the surface member
600, 600' to deform, or could worsen any deformation already
present from the manufacturing process. Such dynamic
forces could be due to relative movement of the two surfaces
forming the gap that the surface member 600, 600’ is sealing.

The presence of the further transmission reduction layer
627 may help to reduce, 1f not prevent, the stress increase
within the surface member 600, 600" for example between
adjacent layers. The stress that Would otherwise be produced
during application of the transmission reduction layer 629 to
the layer 628 of plastic material or polymer during use may
thus be reduced. Unacceptable deformation of the layer 628
ol plastic material or polymer, and therefore of the covering
portion 620 and the surface member 600, 600" may be
avoided. As such, the further transmission reduction layer 627
may act as a support layer, or stabilizing layer, to the layer 628
of plastic material or polymer.

The further transmission reduction layer 627 may apply a
force to the layer 628 of plastic material or polymer during 1ts
application to the layer 628. The force applied by the further
transmission layer 627 may cause stress to build between the
further transmaission layer 627 and the layer 628 of plastic
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material or polymer. The stress (1or example torsional force)
induced within the covering portion 620 by the further trans-
mission layer 627 may serve to counteract (or balance) the
stress (for example torsional force) applied to the layer 628 of
plastic matenial or polymer by the transmission reduction
layer 629. Thus the further transmission layer 627 may serve
to at least reduce to an acceptable level, 1f not prevent, the
force applied by the transmission reduction layer 629 to the
layer 628 of plastic material or polymer from causing defor-
mation. The further transmission reduction layer 627 may
balance internal torsion force produced by the transmission
reduction layer 629 on the layer 628 of plastic material or
polymer. The further transmission reduction layer 627 may be
referred to as a stabilizing layer 627, for example a stabilizing,
metal layer 627.

The embodiment shown 1n FIG. 27 may be particularly
appropriate 1n an embodiment 1n which the transmission
reduction layer 629 1s ametal layer. Such ametal layer may be
formed, for example, by depositing metal 10ons (such as chro-
mium 1ons) on the surface of the layer 628 of plastic material
or polymer. Such layer may be referred to as ametallization or
metalized layer. The layer may be a coating of metal, for
example a film, which 1s deposited on the layer 628 of plastic
or polymer material. Metal 10n deposition can lead to a build
up of stress due to inter-molecular forces. Theretfore, in such
an embodiment, the application of the further transmission
reduction layer 627 to the opposite surface of the layer 628 of
plastic material or polymer can act to balance these forces. In
an embodiment, the properties (for example the dimensions,
and/or materials, and/or mechanical properties) of the further
transmission reduction layer 627 may be similar to, or the
same as, the properties of the transmission reduction layer
629. Having a transmission reduction layer 629 and a further
transmissionreduction layer 627 with similar, if not the same,
properties may help to ensure that the forces are balance
appropnately. Little, or no, deformation of the covering por-
tion may be produced.

In order to manutacture a surface member 600, 600' with
both a transmission reduction layer 629 and a further trans-
mission reduction layer 627, such as that shown in FIG. 27,
cach transmission reduction layer may be applied 1n a plural-
ity of alternating steps. In an embodiment, a fraction (for
example ol the thickness) of one of the transmission reduction
layer 629 and the further transmission reduction layer 627
may be firstly applied to the layer 628 of plastic material or
polymer. Next, a fraction of the other one of the transmission
reduction layer 629 and the further transmission reduction
layer 627 may be applied to the opposite surface (for example
major surface) of the layer 628 of plastic material or polymer.
This process, of applying a fraction of each of the transmis-
sion reduction layers 627, 629 to opposite surfaces of the
layer 628 of plastic material or polymer alternately, may be
repeated until both of the transmission reduction layers 627,
629 have been completely applied. Forming the transmission
reduction layers 627, 629 1n steps as described above may
ensure that no unacceptable torsional forces and/or distortion
occurs during manufacture.

Any suitable fraction of transmission reduction layer may
be applied at each step. For example, a fraction of the trans-
mission reduction layer 627, 629 in the range of from 1% to
50% may be applied at each step. The smaller the percentage
of the layer that 1s applied 1n each step, greater the number of
total steps required to produce each full layer. In an embodi-
ment, the total number of steps required to form each of the
transmission reduction layers 627, 629 may be in the range of
from 2 to 100 steps, for example 1n the range of from 3 to 50
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steps, for example in the range of from 4 to 25 steps, for
example 1n the range of from 5 to 20 steps, for example 1n the
range of from 6 to 10 steps.

In an embodiment, the further transmission reduction layer
627, 1s configured (for example 1n terms of dimensions and
materials) to reduce the transmission of UV (for example
DUYV)radiation. It will be appreciated that in another embodi-
ment the further transmission reduction layer 627 does not
reduce the transmission of radiation. To act as a stabilizing
layer 1t need not be necessary for the further transmission
reduction layer to reduce the transmission of UV radiation.
However, 1t may be desirable for the further transmission
reduction layer 627 to further reduce the transmission of
radiation (for example UV radiation) that penetrates the cov-
ering portion 620 through to the adhesive 610. The adhesive
610 may be more susceptible to degradation through UV
exposure than the layer 628 of plastic material or polymer.
The further transmission reduction layer 627 may help to
reduce the UV radiation from reaching the adhesive 610.

The description herein focuses on the use of the surface
member 600, 600' 1n an immersion lithographic apparatus.
However, 1t will be appreciated that the surface members 600,
600' described herein may be useful 1n other applications. For
example, the surface members 600, 600' described herein
may be particularly applicable as surface members which are
exposed to pure water and/or UV radiation and/or high
stresses and strains for example during use. In particular, the
surface members 600, 600' described herein may be usetul as
surface members on any surfaces exposed to a UV source,
such as solar radiation. One additional application, by way of
example only, may thus be a window, such as an external
window to which a lateral force may be repetitively applied.

For a surface member 600, 600' that 1s not exposed to DUV
radiation, there 1s no requirement for the surface member 600,
600' to be at least DUV radiation resistant or at least opaque
to DUV radiation. Thus, for example, the DUV transmission
reduction layers 622, 624 (that are at least partially opaque to
DUYV radiation) as described herein with reference to FIGS.
21 and 22 may be omitted. In an embodiment as shown 1n
FIG. 23, there may be no requirement to include the DUV
radiation absorbing elements in the surface layer 626. Such a
surface member could be used to cover a surface of a com-
ponent of a lithographic tool, for an 1immersion system, for
example to seal a gap between surfaces, that are infrequently
exposed, desirably not exposed, to DUV radiation. Such a
surface may be exposed to stray DUV radiation. The surface
may be outside a path of radiation from the projection system
to a surface facing the projection system, or may be in the path
of radiation during a non-exposing phase of operation.

FIGS. 24 and 25 show non-limiting examples of locations
that are mnfrequently or never exposed to DUV radiation and
at which surface members 600, 600' in the form of surface
members 601, 602, 603, 604 may be provided. In an immer-
s1on lithographic apparatus, 1t 1s desirable to retain the immer-
sion liquid 1n place when, for example, changing a substrate.
To this end, a surface of a shutter member (such as a bridge,
a closing disc, or a measurement table) may replace the sur-
face ol the substrate (or substrate table) which 1s used to retain
immersion liquid 1n space 11 during, e.g., substrate swap. A
bridge (for example a swap bridge) may be slid underneath
the projection system when a substrate (and 1n some cases a
substrate table supporting the substrate) 1s removed after
exposure. In an embodiment, a closing disc may be used to
retain immersion liquid around the final element of the pro-
jection system, for example during substrate exchange. In an
embodiment, a measurement table may be introduced under-
neath the projection system in place of a substrate table.
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FIG. 24 shows a swap bridge 86 comprising a bridge body
87 and at least one engagement portion 88 for engaging the
bridge body 87 to a substrate table W1. The engagement
portion 88 may additionally or alternatively be for engaging
the bridge body 87 to a closing disc, or a measurement table
(which 1s arranged to be unable to support a substrate for
exposure). A surface member 601 may be provided on a
surface of the bridge body 87. Such a surface member 601
may be provided to a surface of any table shutter member. The
swap bridge 86 may be arranged as shown in FIG. 24 which
1s an example of a removable bridge between two tables.
Additionally or alternatively, a surface member 602 may be
provided to cover a gap 702 between a surface of the engage-
ment portion 88 and the substrate table W'T.

FI1G. 25 shows the region around the last optical element 91
ol the projection system PS. A surface member 603 may be
provided on a surface of the last optical element 91. A surface
on which the surface member 603 may be provided may be
between the last optical element 91 and a liquid confinement
structure 12. So the surface member 603 may be provided on
a surface that faces, 1n use, the liquid confinement structure
12. A surface member 604 may additionally or alternatively
be provided on a surface of the liquid confinement structure
12 that faces the projection system PS, for example the last
optical element 91 of the projection system PS.

As explained herein, the surface members 601, 602, 603,
604 shown in FIGS. 24 and 23 are generally infrequently, or
never, exposed to DUV radiation. For example, they may be
provided at positions which the beam from the projection
system PS 1s not directed and/or doesn’t pass through. How-
ever, such a surface may be exposed to stray DUV radiation.
This means that they need not be resistant to DUV radiation
and/or need not be opaque to DUV radiation. Note an excep-
tion may be the surface of a measurement table MRT around
a sensor held by the table. Exposure radiation may be directed
at the measurement table surface surrounding the sensor.

The thickness of a surface member 600, 600' (e.g. 1n a
direction perpendicular to a major surface of the surface
member 600, 600'), for example as shown 1n FIG. 21, 22 or
23, may be in the range of from 1 um to 30 um, 1n the range of
from 2 um to 25 um, in the range of from 3 um to 20 um, in the
range of from 4 um to 15 pm, or 1n the range of from 5 pm to
10 um. A surface member 600, 600" having thicknesses 1n one
or more of these ranges above may facilitate handling and/or
positioning for example by reference to the lower limit of the
respective ranges. By reference to the upper limit of the range,
a step height difference with respect to a surface on which the
surface member 1s applied. The effect change 1n dimensions
of the component to which the surface member 1s applied 1s
limited, desirably minimized, so that the dimension of the
component remains 1n the itended specified manufacturing
range. For example, 1f the dimensions of a surface member
applied to the surface of a substrate table are too large, there
may be risk of collision with a liquid confinement structure as
there 1s relative movement between the substrate table and the
liquid confinement structure. By limiting the thickness of the
surface member, collision risk may be reduced. However, 1t 1s
possible to have a surface member 600, 600' according to an
embodiment of the invention with a thickness below 1 um, or
above 30 um.

In an embodiment, the surface member 600, 600' (which
may be a sealing member 600, 600') may be provided in the
form of a kit. The kit may comprise: a sealing or covering
portion; and an adhesive. The sealing or covering portion may
be a plastic material or polymeric sealing or covering portion.
The sealing or covering portion may, by way of non-limiting
example, take the form of the portion 620 shown in any one of

10

15

20

25

30

35

40

45

50

55

60

65

34

FIGS. 21 to 23. In such a kat, the adhesive and the sealing or
covering portion may be separate. The kit may be used to
form a sealing member 600, 600' or surface member 600,
600, such as described herein. The adhesive 1n the kit may be
used to adhere the sealing or covering portion to at least a part
of one or more surfaces. The adhesive 1n the kit may be used
to form, for example, an adhesive layer (such as the adhesive
layer 610 shown 1n FIG. 11), or discrete adhesive portions
(such as the portions 610a, 6105 shown 1n FIG. 15). The kit
may include a surface member 600, 600' (or the components
of a surface member 600, 600') precut so they may be applied
in a specific location, for example around an object such as a
sensor 310, 320 held on atable WT, MRT. The kitmay include
a surface member 600, 600' provided as a blank for cutting
shortly before applying the surface member 600, 600'.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, 1t
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LLCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 363,
248,193,157 or 126 nm). The term “lens”, where the context
allows, may refer to any one or combination of various types
of optical components, including refractive and reflective
optical components.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
embodiments of the imvention may take the form of a com-
puter program containing one or more sequences of machine-
readable instructions describing a method as disclosed above,
or a data storage medium (e.g. sesmiconductor memory, mag-
netic or optical disk) having such a computer program stored
therein. Further, the machine readable instruction may be
embodied 1n two or more computer programs. The two or
more computer programs may be stored on one or more
different memories and/or data storage media.

One or more of the controllers described herein may each
or 1n combination be operable when the one or more computer
programs are read by one or more computer processors
located within at least one component of the lithographic
apparatus. The controllers may each or in combination have
any suitable configuration for receiving, processing, and
sending signals. One or more processors are configured to
communicate with the at least one of the controllers. For
example, each controller may include one or more processors
for executing the computer programs that include machine-
readable 1nstructions for the methods described above. The
controllers may include data storage medium for storing such
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computer programs, and/or hardware to receirve such
medium. So the controller(s) may operate according the
machine readable instructions of one or more computer pro-
grams.

One or more embodiments of the invention may be applied
to any immersion lithography apparatus, in particular, but not
exclusively, those types mentioned above and whether the
immersion liquid 1s provided 1n the form of a bath, only on a
localized surface area of the substrate, or 1s unconfined. In an
unconiined arrangement, the immersion liquid may flow over
the surface of the substrate and/or substrate table so that
substantially the entire uncovered surface of the substrate
table and/or substrate 1s wetted. In such an unconfined immer-
sion system, the liquid supply system may not confine the
immersion tluid or 1t may provide a proportion of immersion
liquid confinement, but not substantially complete confine-
ment of the immersion liquid.

A liquid supply system as contemplated herein should be
broadly construed. In certain embodiments, 1t may be a
mechanism or combination of structures that provides a lig-
uid to a space between the projection system and the substrate
and/or substrate table. It may comprise a combination of one
or more structures, one or more fluid openings including one
or more liquid openings, one or more gas openings or one or
more openings for two phase tflow. The openings may each be
an 1nlet ito the immersion space (or an outlet from a fluid
handling structure) or an outlet out of the immersion space (or
an 1nlet ito the fluid handling structure). In an embodiment,
a surface of the space may be a portion of the substrate and/or
substrate table, or a surface of the space may completely
cover a surface of the substrate and/or substrate table, or the
space may envelop the substrate and/or substrate table. The
liquid supply system may optionally further include one or
more elements to control the position, quantity, quality,
shape, tlow rate or any other features of the liquad.

In an embodiment, there 1s disclosed a sealing member kat
for sealing a gap formed between at least two surfaces of an
immersion lithographic apparatus from immersion liqud
ingress, the sealing member kit for forming a sealing member,
the sealing member kit comprising a plastic material or poly-
meric sealing portion and an adhesive to attach the sealing
portion to a surface of an immersion lithographic apparatus,
wherein the stiffness of the plastic material or polymeric
sealing portion 1s no more than 100% of the stifiness of the
adhesive.

In an embodiment, the Young’s modulus of the plastic
material or polymeric sealing portion 1s no more than or equal
to a factor of 5x10° times the Young’s modulus of the adhe-
stve. In an embodiment, the viscous damping coellicient of
the adhesive is less than or equal to 2x10° Ns/m. In an
embodiment, the Young’s modulus of the adhesive 1s greater
than or equal to 2 MPa.

In an embodiment, there 1s disclosed a sealing member kat
for sealing a gap formed between at least two surfaces of an
immersion lithographic apparatus from immersion liqud
ingress, the sealing member kit comprising a plastic material
or polymeric sealing portion, and an adhesive to attach the
sealing portion to a surface of an immersion lithographic
apparatus, wherein the Young’s modulus of the adhesive 1s
greater than or equal to 2 MPa.

In an embodiment, the viscous damping coetlicient of the
adhesive is less than or equal to 2x10° Ns/m.

In an embodiment, there 1s provided a sealing member kat
for sealing a gap formed between two surfaces of an immer-
sion lithographic apparatus from 1mmersion liquid ingress,
the sealing member kit comprising a plastic material or poly-
meric sealing portion, and an adhesive to attaching the sealing,
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portion to a surface of an immersion lithographic apparatus,
wherein the damping constant of the adhesive 1s less than or
equal to 2x10° Ns/m.

In an embodiment, the Young’s modulus of the adhesive 1s
greater than or equal to 2 MPa. In an embodiment, the stifl-
ness of the plastic material or polymeric sealing portion 1s no
more than 100% of the stifiness of the adhesive layer. In an
embodiment, the Young’s modulus of the plastic material or
polymeric sealing portion 1s no more than or equal to a factor
of 5x10° times the Young’s modulus of the adhesive layer.

With respect any of the foregoing kits: In an embodiment,
the Young’s modulus of the plastic material or polymeric
sealing portion 1s less than or equal to 5 GPa. In an embodi-
ment, the plastic material or polymeric sealing portion com-
prises polyimide, PET, PTFE, polyetheretherketone, pol-
yaryletheretherketone, or polysiloxane. In an embodiment,
the adhesive layer comprises a silicon adhesive or an acrylic
adhesive. In an embodiment, the plastic material or polymeric
sealing portion 1s opaque to DUV radiation. In an embodi-
ment, the upper surface of the plastic material or polymeric
sealing portion 1s lyophobic. In an embodiment, the plastic
material or polymeric sealing portion has a first surface and a
second surface, and comprises a layer of plastic material or
polymer to which the adhesive adheres and an opaque layer
adjacent the layer of plastic material or polymer and between
the layer of plastic material or polymer and the first surface of
the sealing portion, the opaque layer being opaque to DUV
radiation. In an embodiment, the sealing member kit further
comprises a lyophobic layer adjacent the opaque layer, the
lyophobic layer forming the first surface of the sealing por-
tion. In an embodiment, the plastic material or polymeric
sealing portion has a first surface and a second surface, and
comprises an opaque layer to which the adhesive adheres, the
opaque layer being opaque to DUV radiation, and alyophobic
layer of plastic material or polymer adjacent the opaque layer,
the lvophobic layer of plastic matenal or polymer forming the
first surface of the sealing portion. In an embodiment, the
plastic material or polymeric sealing portion has a first sur-
face and a second surface, and comprises a lyophobic layer of
plastic maternal or polymer to which the adhesive adheres, the
lyophobic layer of plastic material or polymer being opaque
to DUV radiation. In an embodiment, the sealing portion 1s
impermeable to liquid. In an embodiment, the sealing mem-
ber kit 1s configured to seal the gap between a substrate table
of an immersion lithographic apparatus and a sensor posi-
tioned on the substrate table. In an embodiment, the sealing
member kit 1s configured to seal the gap formed between a
substrate table of an immersion lithographic apparatus and a
substrate support of the immersion lithographic apparatus,
the substrate support configured to support a substrate. In an
embodiment, the plastic material or polymeric sealing por-
tion 1s 1n the form of a patch to repair a damaged surface 1n an
immersion lithographic apparatus. In an embodiment, the
patch 1s arranged to be used to repair a damaged surface of a
substrate table.

In an embodiment, there 1s provided a sealing member
comprising the sealing portion and adhesive of the sealing
member kit. In an embodiment, the adhesive 1s 1n the form of
a layer. In an embodiment, the sealing member 1s disposable.

In an embodiment, there 1s provided an immersion litho-
graphic apparatus comprising the sealing member. In an
embodiment, the immersion lithographic apparatus com-
prises a substrate table constructed to hold a substrate, and a
sensor positioned on the substrate table, wherein the sealing
member, 1 use, 1s positioned between the sensor and the
substrate table and adhered at one end to the sensor and at the
other end to the substrate table.
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In an embodiment, there 1s provided a method of sealing a
gap between a first surface and a second surface of an immer-
s1on lithographic apparatus comprising adhering the sealing
member to the first surface, and to the second surtace, thereby
bridging the gap between the first and second surfaces of the
immersion lithographic apparatus. In an embodiment, the
sealing member covers the gap, at least a part of the first
surface and at least a part of the second surface, the sealing
member having a first overlapping portion overlapping the at
least a part of the first surface and a second overlapping
portion overlapping the at least a part of the second surface,
wherein the adhering of the sealing member to the first sur-
face and to the second surface comprises adhering the first
overlapping portion and the second overlapping portion to at
least a part of each of the first surface and the second surtaces
respectively.

The descriptions above are mtended to be 1llustrative, not
limiting. Thus, 1t will be apparent to one skilled in the art that
modifications may be made to the mvention as described
without departing from the scope of the claims set out below.

The mvention claimed 1s:

1. A sealing member kit for sealing a gap formed between
at least two surfaces of an immersion lithographic apparatus
from immersion liquid ingress, the sealing member kit com-
prising;:

a plastic matenial or polymeric sealing portion sized to

cover the gap; and

an adhesive portion to attach the sealing portion to at least

one of the surfaces of the immersion lithographic appa-
ratus, the adhesive portion being on only one side of the
sealing portion,

wherein the stiffness of the sealing portion 1s no more than

100% of the stiflness of the adhesive portion.

2. The sealing member kit according to claim 1, wherein
the Young’s modulus of the material of the sealing portion 1s
no more than or equal to a factor of 5x10° times the Young’s
modulus of the material of the adhesive portion.

3. The sealing member kit according to claim 1, wherein
the viscous damping coellicient of the material of the adhe-
sive portion is less than or equal to 2x10° Ns/m.

4. The sealing member kit according to claim 1, wherein
the Young’s modulus of the material of the adhesive portion 1s
greater than or equal to 2 MPa.

5. The sealing member kit according to claim 1, wherein
the Young’s modulus of the material of the plastic material or
polymeric sealing portion 1s less than or equal to 5 GPa.

6. The sealing member kit according to claim 1, wherein
the material of the plastic material or polymeric sealing por-
tion comprises polyimide, PET, PTFE, polyetheretherketone,
polyaryletheretherketone, or polysiloxane.

7. The sealing member kit according to claim 1, wherein
the material of the adhesive portionlayer comprises a silicone
adhesive or an acrylic adhesive.

8. The sealing member kit according to claim 1, wherein
the plastic material or polymeric sealing portion 1s opaque to
DUYV radiation.

9. The sealing member kit according to claim 1, wherein
the upper surface of the plastic material or polymeric sealing
portion 1s lyophobic.

10. The sealing member kit according to claim 1, wherein
the plastic matenial or polymeric sealing portion has a first
surface and a second surface, and comprises:

a layer of plastic material or polymer to which the adhesive

portion adheres; and

an opaque layer adjacent the layer of plastic material or

polymer and between the layer of plastic material or

10

15

20

25

30

35

40

45

50

55

60

65

38

polymer and the first surface of the sealing portion, the
opaque layer being opaque to DUV radiation.

11. The sealing member kit according to claim 1, wherein
the plastic material or polymeric sealing portion has a first
surface and a second surface, and comprises:

an opaque layer to which the adhesive portion adheres, the

opaque layer being opaque to DUV radiation; and

a lyophobic layer of plastic material or polymer adjacent

the opaque layer, the lyophobic layer of plastic material
or polymer forming the first surface of the sealing por-
tion.
12. The sealing member kit according to claim 1, wherein
the plastic material or polymeric sealing portion has a first
surface and a second surface, and comprises a lyophobic layer
ol plastic material or polymer to which the adhesive portion
adheres, the lyophobic layer of plastic material or polymer
being opaque to DUV radiation.
13. The sealing member kit according to claim 1, wherein
the sealing portion 1s impermeable to liquid.
14. The sealing member kit according to claim 1 sealing the
gap between a substrate table of an immersion lithographic
apparatus and a sensor positioned on the substrate table.
15. The sealing member kit according to claim 1 sealing the
gap formed between a substrate table of an immersion litho-
graphic apparatus and a substrate support of the immersion
lithographic apparatus, the substrate support configured to
support a substrate.
16. A sealing member comprising:
a plastic material or polymeric sealing portion; and
an adhesive portion to attach the sealing portion to a surface
of an immersion lithographic apparatus, the adhesive
portion being on only one side of the sealing portion,

wherein the stifiness of the sealing portion 1s no more than
100% of the stifiness of the adhesive portion.

17. An immersion lithographic apparatus comprising the
sealing member according to claim 16.

18. A method of sealing a gap between a first surface and a
second surface of an immersion lithographic apparatus com-
prising adhering a sealing member to the first surface and to
the second surface, thereby bridging the gap between the first
and second surtaces of the immersion lithographic apparatus,
the sealing member having a plastic material or polymeric
sealing portion and an adhesive portion to attach the sealing
portion to a surface of an immersion lithographic apparatus,
the adhesive portion being on only one side of the sealing
portion, wherein the stifiness of the sealing portion 1s no more
than 100% of the stifiness of the adhesive portion.

19. A sealing member sealing a gap formed between two
surfaces ol an immersion lithographic apparatus from immer-
sion liquid 1ngress, the sealing member comprising;:

a plastic material or polymeric sealing portion covering the

gap; and

an adhesive attaching the sealing portion to at least one of

the surfaces of the immersion lithographic apparatus,
the at least one surface being next to an end of the gap
and the adhesive being on only one side of the sealing
portion,

wherein the damping constant of the adhesive 1s less than

or equal to 2x10° Ns/m.

20. A sealing member kit for sealing a gap formed between
at least two surfaces of an immersion lithographic apparatus
from immersion liquid ingress, the sealing member compris-
ng:

a plastic material or polymeric sealing portion covering the

gap; and

an adhesive attaching the sealing portion to at least one of

the surfaces of the immersion lithographic apparatus,
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the at least one surface being next to an end of the gap
and the adhesive being on only one side of the sealing
portion,

wherein the Young’s modulus of the adhesive 1s greater
than or equal to 2 MPa. 5
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